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Richard Spitaler 	 To: Jan Pels/R5/USEPA/US@EPA 
<RSPITALER@mbake 	cc: 
rcorp.com > 	 Subject: Re: QAPP for Gary Pilot 

09/14/02 07:17 PM 

Jan 

In response to your question, I realized table 3-1 included analysis 
for polyaromatic hydrocarbons in the footnotes. I believe this is an 
oversight on our part. Initially there had been discussion to include 
PAHs as we11 as other analytes in the J-Pit investigation but it was 
decided to limit the initial 1ist. It was felt that most potential 
sources for PAHs would also include SVOC constituents and therefore were 
not included in initial as part of the initial analytes in order to 
limit the costs. 

In addition, this agrees with what is stated in the text of the SAP and 
is also consistent the City of Garys agreement under the voluntary 
remediation program with the state. (An updated table is attached). 

In terms of Baker beginning £ield work, it is my beleif that we would 
be able to proceed with the geoprobe portion of the investigation within 
a couple weeks after recieving approval on the QAPP. I will need to 
confirm this with the office manager. 

Jan if you would like for me to give you a call please let me know what 
works in you schedule this week. 

Thanks 
Rick Spitaler 

Y <<~ 

samples 3-1.x 



Jan Pels 	 To: Richard Spitaler <RSPITALER@mbakercorp.com > 

°t 08/23/02 04:39 PM 	
cc: mmulligan@ci.gary.in.us  

1 	 Subject: Re: QAPP for Gary Pilotm 

Rick: 

Thanks for the reply! 

Regarding the ana!yses for the metals, I'm still not clear about what list of inetals you'II be looking 
for. The sampling p!an (Tab!e 3-2) identifies the 8 RCRA metals (As, Ba, Cd, Cr, Pb, Hg, Se and 
Ag); however, the reply below inc!udes some additional metals (such as Sb, Ni, V and Zn). The 
metals list needs to be resolved and corrected such that it's c!ear what will be ana!yzed for. 

Based on the reply be!ow, we are still missing the 1) lab SOPs for the GFAA samp!e prep for water 
water samples, and the 2) lab SOP for GFAA of Cd in waters. 

Table 3-1 of the sampling p!an needs to reflect that the list of PAHs below will be analyzed for by 
Method 8270 in soils, and by Method 8310 for waters. 

You may want to itemize the list of analytes that are required and attach this list to the samp!ing 
plan , similar to what you have below. You may want to do the same for the VOC compounds, so 
that it's c!ear whether you're going to look for the entire list of VOCs in Table 1-2 or some sub-set. 

Does the lab have a list of soil MDLs for the meta!s? 

I think this is it! Please call or reply if you think we need to discuss this! 

Thanks for all of your work on this QAPP. 
Jan 
Richard Spitaler <RSPITALER@mbakercorp.com > 

Richard Spitaler 	To: Jan Pels/R5/USEPA/US@EPA 
<RSPITALER@mbake 	cc: mmulligan@ci.gary.in.us  
rcorp.com > 	Subject: Re: QAPP for Gary Pilot 
08/22/02 07:19 PM 



Jan 

Thanks for your assistance. In response to your e-mail, I have 
attached a copy of the Acronyms list for the QAPP. 

In addition, I had previously contacted Jeff Lowe of Sima Labs to 
answer the questions you had raised in your previous voice mail. 

I believe your concerns are addressed in his response presented below ( 
note these changes are being incorporated in Tab1e 1-2): 
Please let me know if these answers are sufficient, they will then be 
£inalized and copies sent to you. 	Please let me know if you still wish 
to set up a conference call with Sima to resolve any questions you may 
still have. 

Sincerely, Rick Spitaler 

Sima response: 

The metals in water will be run as follows: 
GFAA- 	Cd 	(PQL=0.001 mg/1), As 	(0.01), 	Sb 	(0.02), Se 	(0.005) 
ICP- 	Pb 	(0.005), Ag, 	Ba, Be, 	Ni, 	V, 	Zn 

All metals in soil, with the exception of Hg, will be run by ICP with 
the following PQLs:  
.Pb 	(0.25 mg/kg), 	Cd 	(0.5), Ag 	(0.5), Ba 	(0.5), 	As, 	(5), Sb 	(5), 	Be 
(0.5), 	Ni 	(1), 	Se 	(5), 	V (1), 	Zn (1) 

A11 PAHs in water will be run by HPLC 	(SW8310) 	with the following 
PQLs: 
Analyte PQL, mg/1 
Acenaphthene 0.005 
Acenaphthylene 0.0025 
Anthracene 0.0001 
Benzo[a]anthracene 0.0001 
Benzo[a]pyrene 0.0002 
Benzo[b]fluoranthene 0.0001 
Benzo[g,h,i]perylene 0.0004 
Benzo[k]fluoranthene 0.0001 
Chrysene 0.0002 
Dibenz[a,h]anthracene 0.0003 
Fluoranthene 0.00025 
Fluorene 0.0005 
Sndeno[1,2,3cd]pyrene 0.00025 
Naphthalene 0.0025 
Phenanthrene 0.0002 
Pyrene 0.0005 

A11 PAHs in soil will be run by GC/MS 	(SW8270C) 	with the PQLs listed in 
table 1-2 	(or even lower PQLs). 

0 
Acronyms.x 



~ 	Jan Pels 	 To: Richard Spitaler <RSPITALER@mbakercorp.com > 

M `+y 	09/12/02 03:40 PM 	cc: 
k 	 Subject: Re: QAPP for Gary PilotD 

I did find that I do have a copy of the water prep SOP for GFAA metals. It's only the cadmium 
GFAA SOP that I don't have. Sorry about that! 

I have reviewed the tables that you emailed. Table 3-1 is still not clear as to what analytes are 
being tested for. The table does not include PAHs at all.... 

Maybe we should discuss these final comments so that we can get the QAPP finalized soon. What 
does your schedule look like in terms of scheduling field work? 

Thanks! 
Jan 



Jan Pels 	 To: Richard Spitaler <RSPITALER@mbakercorp.com > 
*~ 	 Acc: mmulligan@ci.gary.in.us  (Mary Mulligan) 

i
08/22/02 10:53 AM 	Subject: Re: QAPP for Gary Pilotm 

m[.PA 

As per our brief discussion yesterday, 1 took a look at the QAPP, and the following issues still need 
to be resolved. 

- The Acronym List is not included in the copy I have. If you have this page handy, could you 
FAX it over? Or email it? 

- Regarding the list of analytes and PQLs: I am still unclear about what methods are being 
anticipated to be used for the metals. It appears that some of the metals would be better suited 
to a GFAA analysis versus the planned ICP method. When I reviewed Sima's method 6010B, 
which is referenced as the method for the metals (other than mercury), the PQLs that are in the 
lab's SOP are not those referenced in Table 1-2. For example, lead is listed with a PQL of 0.003 
mg/L in Table 1-2, but with an MDL of 0.020 mg/L in the Sima SOP for 601013- the lab cannot 
report a PQL lower than their MDL. Since there is no apparent residential standard for lead, the 
lab could probably do the analysis by ICP, but should use a PQL greater than their MDL. 

- Selenium has an MDL of 0.078 mg/L and a PQL of 0.1 mg/L in the Sima SOP,but the GW 
residential Tier II Screening level is 0.05 mg/L, which is below the lab's MDL. You will probably 
need to request that the lab do this analysis by GFAA rather than by ICP. 

- Cadmium has an MDL of 0.002 mg/L and a PQL of 0.01 mg/L in the Sima SOP, but the GW 
residential Tier II Screening level is 0.005 mg/L, just a liitle more than double the MDL. This 
could be done by ICP, but it could also be done with a lower detection limit by GFAA. 

- Arsenic has an MDL of 0.026 mg/L and a PQL of 0.1 mg/L in the Sima SOP, but the GW 
residential Tier II Screening level is 0.05 mg/L and a PQL in Table 1-2 of 0.01 mg/L. The lab 
cannot have a PQL lower than their MDL. You might want to request that arsenic be analyzed by 
G FAA. 

It might be helpful to have a conversation all together with the lab, so that we're all on the same 
page as far as what analytes are required, what detection limits/methods are appropriate, and to 
get the issue documented correctly in the QAPP. 

Also, we need to have the lab's MDL and PQL for the soil samples for the metals analysis in order 
to understand whether the methods can meet the State Tier II screening levels for residential 
soils. 

Once we know what methods are appropriate, we can determine whether we have all of the 
methods in the QAPP. 

Please call to discuss this when you have a minute. 

Thanks! 
Jan 
(312) 886-3009 







Richard Spitaler 	To: Jan Pe1s/R5/USEPA/US@EPA 
<RSPITALER@mbake 	cc: mmulligan@ci.gary.in.us  
rcorp.com > 
	

Subject: Re: QAPP for Gary Pilot 

08/22/02 07:19 PM 

nrrss 

Thanks for your assistance. In response to your e-mail, I have 
attached a copy of the Acronyms list for the QAPP. 

In addition, I had previously contacted Jeff Lowe of Sima Labs to 
answer the questions you had raised in your previous voice mail. 

I believe your concerns are addressed in his response presented below ( 
note these changes are being incorporated in Table 1-2): 
Please let me know if these answers are sufficient, they will then be 
finalized and copies sent to you. 	Please let me know if you still wish 
to set up a conference call with Sima to resolve any questions you may 
still have. 

Sincerely, Rick Spitaler 

Sima response:  

The metals in water will be run as follows: 
GFAA- 	Cd 	(PQL=0:001 mg/1), Ae 	(0.01), 	Sb 	(0.02), Se 	(0.005) 
ICP- 	Pb 	(0.005), Ag, 	Ba, Be, 	Ni, V, 	Zn 

~ 
All metals in soil, with the exception of Hg, will be run by ICP with 
the following PQLs: 
Pb 	(0.25 mg/kg), 	Cd 	(0.5), Ag 	(0.5), Ba (0.5), 	As, 	(5), Sb 	(5), 	Be 
(0.5) , 	Ni 	(1) , 	Se 	(5) , 	V (1) , 	Zn (1) 

All PAHs in water will be run by HPLC (SW8310) 	with the following 
PQLa: 
Analyte PQL, mg/1 
Acenaphthene 0.005 
Acenaphthylene 0.0025 
Anthracene 0.0001 
Benzo[a]anthracene 0.0001 
Benzo[a]pyrene 0.0002 
Benzo[b]fluoranthene 0.0001 
Benzo[g,h,i]perylene 0.0004 
Benzo[k]fluoranthene 0.0001 
Chrysene 0.0002 
Dibenz[a,h]anthracene 0.0003 
Fluoranthene 0.00025 
Fluorene 0.0005 
Indeno[1,2,3cd]pyrene 0.00025 
Naphthalene 0.0025 
Phenanthrene 0.0002 
Pyrene 0.0005 

All PAHs in soil will be run by GC/MS (SW8270C) 	with the PQLs listed in 
table 1-2 	(or even lower PQLs). 

,1c3  
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To: Richard Spitaler <RSPITALER@mbakercorp.com > 
cc: mmulligan@ci.gary.in.us  

Subject: Re: QAPP for Gary i 

Regarding the analyses for the metals, I'm still not clear about what Iist of inetals you'II be looking 
for. The sampling plan (Table 3-2) identifies the 8 RCRA metals (As, Ba, Cd, Cr, Pb, Hg, Se and 
Ag); however, the reply below includes some additional metals (such as Sb, Ni, V and Zn). The 
metals list needs to be resolved and corrected such that it's clear what will be analyzed for. 

Based on the reply below, we are still missing the 1) lab SOPs for the GFAA sample prep for water 
water samples, and the 2) lab SOP for GFAA of Cd in waters. 

Table 3-1 of the sampling plan needs to reflect that the list of PAHS below will be analyzed for by 
Method 8270 in soifs, and by Method 8310 for waters. 

You may want to itemize the list of analytes that are required and attach this list to the sampling 
plan , similar to what you have below. You may want to do the same for the VOC compounds, so 
that it's clear whether you're going to look for the entire list of VOCs in Table 1-2 or some sub-set. 

Does the lab have a list of soil MDLs for the metals? 

I think this is it! Please call or reply if you think we need to discuss this! 

Thanks for all of your work on this QAPP. 
Jan 
Richard Spitaler <RSPITALER@mbakercorp.com > 

Richard Spitaler 	To: Jan Pels/R5/USEPA/US@EPA 
<RSPITALER@mbake 	cc: mmulligan@ci.gary.in.us  
rcorp.com > 	Subject: Re: QAPP for Gary Pilot 
08/22/02 07:19 PM 



Jan 

Thanks for your assistance. In response to your e-mail, I have 
attached a copy of the Acronyms list for the QAPP. 

In addition, I had previously contacted Jeff Lowe of Sima Labs to 
answer the questions you had raised in your previous voice mail. 

I believe your concerns are addressed in his response presented below ( 
note these changes are being incorporated in Table 1-2): 
Please let me know if these answers are sufficient, they will then be 
finalized and copies sent to you. 	Please let me know if you still wish 
to set up a conference call with Sima to resolve any questions you may 
still have. 

Sincerely, Eick Spitaler 

Sima response: 

The metals in water will be run as follows: 
GFAA- 	Cd (PQL=0.001 mg/1), As (0.01), Sb (0.02), Se (0.005) 
ICP- 	Pb (0.005), Ag, Ba, Be, Ni, V, Zn 

All metals in soil, with the exception of Hg, will be run by ICP with 
the following PQLS: 
Pb (0.25 mg/kg), Cd (0.5), Ag (0.5), Ba (0.5), As, (5), Sb (5), Be 
(0.5) , Ni (1) , Se (5) , V (1) , Zn (1) 	 . 

A11 PAHs in water wi11 be run by HPLC (SW8310) with the following 
PQLs: 
Analyte 	 PQL, mg/1 
Acenaphthene 	 0.005   
Acenaphthylene 	 0.0025 
Anthracene 	 0.0001 
Benzo[a]anthracene 	0.0001 
Benzo[a]pyrene 	 0.0002  
3enzo[b]fluoranthene 	0.0001 
Benzo[g,h,i]perylene 	0.0004 
Benzo[k]fluoranthene 	0.0001 
Chrysene 	 0.0002 
Dibenz[a,h]anthracene 	0.0003  
Fluoranthene 	 0.00025 
Fluorene 	 0.0005 
Indeno[1,2,3cd]pyrene 	0.00025  
Naphthalene 	 0.0025 
Phenanthrene 	 0.0002 
Pyrene 	 0.0005 

A11 PAHs in soil will be run by GC/MS (SW8270C) with the PQLS listed in 
table 1-2 (or even lower PQLS).  

~ 
Acronyms.xls 



Jan Pels 

08/22/02 10:53 AM 

To: Richard Spitaler <RSPITALER@mbakercorp.com > 
cc: mmulligan@ci.gary.in.us  (Mary Mulligan) 

Subject: Re: QAPP for Gary PllotE-1 

Rick: 

As per our brief discussion yesterday, I took a look at the QAPP, and the following issues still need 
to be resolved. 

The Acronym List is not included in the copy I have. If you have this page handy, could you 
FAX it over? Or email it? 

Regarding the list of analytes and PQLs: I am still unclear about what methods are being 
anticipated to be used for the metals. It appears that some of the metals would be better suited 
to a GFAA analysis versus the planned ICP method. When I reviewed Sima's method 6010B, 
which is referenced as the method for the metals (other than mercury), the PQLs that are in the 
lab's SOP are not those referenced in Table 1-2. For example, lead is listed with a PQL of 0.003 
mg/L in Table 1-2, but with an MDL of 0.020 mg/L in the Sima SOP for 601013- the lab cannot 
report a PQL lower than their MDL. Since there is no apparent residential standard for lead, the 
lab could probably do the analysis by ICP, but should use a PQL greater than their MDL. 

- Selenium has an MDL of 0.078 mg/L and a PQL of 0.1 mg/L in the Sima SOP,but the GW 
residential Tier II Screening level is 0.05 mg/L, which is below the lab's MDL. You will probably 
need to request that the lab do this analysis by GFAA rather than by ICP. 

- Cadmium has an MDL of 0.002 mg/L and a PQL of 0.01 mg/L in the Sima SOP, but the GW 
residential Tier II Screening level is 0.005 mg/L, just a liitle more than double the MDL. This 
could be done by ICP, but it could also be done with a lower detection limit by GFAA. 

- Arsenic has an MDL of 0.026 mg/L and a PQL of 0.1 mg/L in the Sima SOP, but the GW 
residential Tier II Screening level is 0.05 mg/L and a PQL in Table 1-2 of 0.01 mg/L. The lab 
cannot have a PQL lower than their MDL. You might want to request that arsenic be analyzed by 
GFAA. 

It might be helpful to have a conversation all together with the lab, so that we're all on the same 
page as far as what analytes are required, what detection limits/methods are appropriate, and to 
get the issue documented correctly in the QAPP. 

Also, we need to have the lab's MDL and PQL for the soil samples for the metals analysis in order 
to understand whether the methods can meet the State Tier II screening levels for residential 
soils. 

Once we know what methods are appropriate, we can determine whether we have aIl of the 
methods in the QAPP. 

Please call to discuss this when you have a minute. 

Thanks! 
Jan 
(312) 886 3009 



Richard Spitaler 	 To: Jan Pels/R5/USEPA/US@EPA 
ero,' x 	<RSPITALER@mbake 	cc: mmulligan@ci.gary.in.us  

rcorp.com > 	 Subject: Re: QAPP for Gary Pilot 

y 	08/22/0207:19 PM 

Jan: 

Thanks £or your assistance. In response to your e-mail, I have 
attached a copy of the Acronyms list £or the QAPP. 

In addition, I had previously contacted Jeff Lowe ofSima Labs to 
answer the questions you had raised in your previous voice mail. 

I believe your concerns are addressed in his response presented below ( 
note these changes are being incorporated in Table 1-2): 
Please let me know if these answers are sufficient, they will then be 
finalized and copies sent to you. 	Please let me know if you still wish 
to set up a conference call with Sima to resolve any questions you may 
still have. 

Sincerely, Rick Spitaler 

Sima response: 

The metals in water will be run as follows 
GFAA- 	Cd 	(PQL=0.001 mg/1), As 	(0.01), Sb 	(0.02), Se 	(0.005) 
ICP- 	Pb 	(0.005), Ag, 	Ba, Be, 	Ni, V, 	zn 

A11 metals in soil, with the exception of Hg, will be run by ICP with 
the following PQLS: 
Pb 	(0.25 mg/kg), 	Cd 	(0.5), Ag 	(0.5), Ba (0.5), 	As, 	(5), Sb 	(5), 	Be 
(0.5) , 	Ni 	(1) , 	 Se 	(5) , V 	(1) , 	Zn (1) 

All PAHs in water will be run by HPLC 	(SW8310) with the following 
PQLs: 
Analyte PQL, mg/1 
Acenaphthene 0.005 
Acenaphthylene 0.0025 
Anthracene 0.0001 
Benzo[a]anthracene 0.0001 
Benzo[a]pyrene 0.0002 
Benzo[b]fluoranthene 0.0001 
Benzo[g,h,i]perylene 0.0004 
Benzo[k]fluoranthene 0.0001 
Chrysene 0.0002 
Dibenz[a,h]anthracene 0.0003 
Fluoranthene 0.00025 
Fluorene 0.0005 
Indeno[1,2,3cd]pyrene 0.00025 
Naphthalene 0.0025 
Phenanthrene 0.0002 
Pyrene 0.0005 

A11 PAHS in soil will be run by GC/MS (SW8270C) with the PQLS listed in 
table 1-2 (or even lower PQLs). 

F-71L 

Acronyms.xls 



~ u.: Jan Pels 	 To: Richard Spitaler <RSPITALER@mbakercorp.com > 
cc: mmulligan@ci.gary.in.us  (Mary Mulligan) kt 	09/27/02 04:38 PM 	Subject: Re: QAPP for Gary Pilot[D 

Rick: 

I got your voicemail. I think the only thing we're really waiting on is the lab SOP for GFAA 
analysis of cadmium in water samples. 

I think we can go ahead and get the signature page completed. Can you get the signatures on 
your end and send me a completed page? If you want an original copy, please complete two 
copies and send them along (or as many copies as you need). I will sign them and send you back 
an original or a copy, depending on what you need. 

I consider this an approval on our end. The signature page should reflect that the QAPP/SAP is 
approved before work is started, so please keep this in mind as you get this through the sign-off 
process. 

It just occurred to me that the cover page and signature page should be modified to reflect that 
this is a combined "QAPP and Sampling Plan" ! So p!ease title it as such. 

Let's plan to talk next week, if you and Mary are available to briefly discuss the project schedule. 

Thanks! 
Jan 



 Pels 	 To: Richard Spitaler <RSPITALER@mbakercorp.com > &-,Jan 

09/12/02 03:40 PM 	cc: 
t 	 Subject: Re: QAPP for Gary PilotR) 

Rick 

I did find that I do have a copy of the water prep SOP for GFAA metals. It's only the cadmium 
GFAA SOP that I don't have. Sorry about that! 

I have reviewed the tables that you emailed. Table 3-1 is still not clear as to what analytes are 
being tested for. The table does not include PAHs at all.... 

Maybe we should discuss these final comments so that we can get the QAPP finalized soon. What 
does your schedule look like in terms of scheduling field work? 

Thanks! 
Jan 



Richard Spitaler 	 To: Jan Pels/R5/USEPA/US@EPA 
<RSPITALER@mbake 	cc: 
rcorp.com> 	 Subject: Re: QAPP for Gary Pilot 

09/14/02 07:17 PM 

Jan 

In response to your question, I realized table 3-1 included analysis 
for polyaromatic hydrocarbons in the footnotes. I believe this is an 
oversight on our part. Initially there had been discussion to include 
PAHs as well as other analytes in the J-Pit investigation but it was 
decided to limit the initial list. It was felt that most potential 
sources for PAHs would also include SVOC constituents and therefore were 
not included in initial as part of the initial analytes in order to 
limit the costs. 

In addition, this agrees with what is stated in the text o£ the SAP and 
is also consistent the City of Garys agreement under the voluntary 
remediation program with the state. (An updated table is attached). 

In terms of Baker beginning field work, it is my beleif that we would 
be able to proceed with the geoprobe portion of the investigation within 
a couple weeks after recieving approval on the QAPP. I wi11 need to 
confirm this with the office manager. 

Jan if you would like for me to give you a ca11 please let me know what 
works in you schedule this week. 

Thanks 
Rick Spitaler 

m 
samples 3-1.x 
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Jan Pels 	 To: Richard Spitaler <RSPITALER@rnbakercorp.corn> 

	

~ ~ 	 09/12/02 01:36 PM 	
cc: 

	

~ 	 Subject: Re: QAPP for Gary PilotD 

Rick: 

The SOPs that are referenced as'attached here', for metals prep and cadmium analysis are not 
attached. Could you send these? I'm looking at the tables and will get back with you on those. 
The discussion about the detection limits for soils is fine. 

Thanks! 
Jan 
Richard Spitaler <RSPITALER@mbakercorp.com > 

Richard Spitaler 	To: Jan Pels/R5/USEPA/US@EPA 
* € 	<RSPITALER@mbake 	cc: 

rcorp.com > 	Subject: Re: QAPP for Gary Pilot 
09/11/02 08:53 PM 



To: Richard Spitaler <RSPITALER@mbakercorp.com > 
cc: mmulligan@ci.gary.in.us  

Subject: Re: QAPP for Gary PilotD 

Regarding the analyses for the metals, I'm still not clear about what list of inetals you'II be looking 
for. The sampling plan (Table 3 2) identifies the 8 RCRA metals (As, Ba, Cd, Cr, Pb, Hg, Se and 	 U~ 
Ag); however, the reply below includes some additional metals (such as Sb, Ni, V and Zn). The  
metals list needs to be resolved and corrected such that it's clear what will be analyzed for. 	;\ 

Based on the reply below, we are still missing the 1) lab SOPs for the GFAA sample prep for water  
water samples, and the 2) lab SOP for GFAA of Cd in waters. 

Table 3-1 of the sampling plan needs to reflect that the list of PAHs below will be analyzed for by 
Method 8270 in soils, and by Method 8310 for waters. 

You may want to itemize the list of analytes that are required and attach this list to the sampling 
plan , similar to what you have below. You may want to do the same for the VOC compounds, so 
that it's clear whether you're going to look for the entire list of VOCs in Table 1-2 or some sub set. 

Does the lab have a list of soil MDLs for the metals?  

I think this is it! Please call or reply if you think we need to discuss this! 

Thanks for all of your work on this QAPP. 
Jan 
Richard Spitaler <RSPITALER@mbakercorp.com > 

Richard Spitaler 	To: Jan Pels/R5/USEPA/US@EPA 
<RSPITALER@mbake 	cc: mmulligan@ci.gary.in.us  
rcorp.com > 	Subject: Re: QAPP for Gary Pilot 
08/22/02 07:19 PM 



Jan: 

Thanks £or your assistance. In response to your e-mail, I have 
attached a copy of the Acronyms list for the QAPP. 

In addition, I had previously contacted Jeff Lowe of Sima Labs to 
answer the questions you had raised in your previous voice mail. 

I believe your concerns are addressed in his response presented below ( 
note these changes are being incorporated in Table 1-2): 
Please let me know if these answers are sufficient, they will then be 
finalized and copies sent to you. 	Please let me know if you still wish 
to set up a conference call with Sima to resolve any questions you may 
still have. 

Sincerely, Rick Spitaler 

Sima response 

The metals in water will be run as follows: 
GFAA- 	Cd (PQL=0.001 mg/1), As (0.o1), Sb (0.02), Se (0.005) 
ICP- 	Pb (0.005), Ag, Ba, Be, Ni, V, Zn 

All metals in soil, with the exception of xg, will be run by ICP with 
the following PQLS: 
Pb (0.25 mg/kg), Cd (0.5), Ag (0.5), Ba (0.5), As, (5), Sb (5), Be 
(0.5) , Ni (1) , Se (5) , V (1) , Zn (1)  

A11 PAHs in water will be run by HPLC (SW8310) with the following 
PQLs: 
Analyte PQL, mg/1 
Acenaphthene 0.005 
Acenaphthylene 0.0025 
Anthracene 0.0001 
Benzo[a]anthracene 0.0001 
Benzo[a]pyrene 0.0002 
Benzo[b]fluoranthene 0.0001 
Benzo[g,h,i]perylene 0.0004 
Benzo[k]fluoranthene 0.0001 
Chrysene 0.0002 
Dibenz[a,h]anthracene 0.0003 
Fluoranthene 0.00025 
Fluorene 0.0005 
Indeno[1,2,3cd]pyrene 0.00025 
Naphthalene 0.0025 
Phenanthrene 0.0002 
Pyrene 0.0005 

A11 PAHS in soil will be run by GC/MS (SW8270C) 	with the PQLS listed in 
table 1-2 	(or even lower PQLs). 

~h 

Acronyms.xls 



Richard Spitaler 	To: Jan Pels/R5/USEPA/US@EPA ~' • 	<RSPITALER@mbake 	cc: 
rcorp.com > 	Subject: Re: QAPP for Gary Pilot 

09/11/02 08:53 PM 



STATE OF ILLINOIS 
ENVIRONMENTAL PROTECTION AGENCY 

is hereby granted to 

SIMALABS INTERNATIONAL - MERRILLVILLE 

250 WEST 84TH DRIVE 

MERRILLVILLE, IN 46410 

ACCREDITATION NUMBER #100435 

~O  ~ N ACCOqC9 

~ 	 yo 

U 	 ~ 
[J 	 ~ 

According to the Illinois Administrative Code, Title 35, Subtitle A, Chapter II, Part 186, ACCREDITATION OF 
LABORATORIES FOR DRINKING WATER, WASTEWATER AND HAZARDOUS WASTES ANALYSIS, the State of 

Illinois formally recognizes that this laboratory is technically competent to perform the environmental analyses listed on the 
scope of accreditation detailed below.  

The laboratory agrees to perform all analyses listed on this scope of accreditation according to the Part 186 requirements 
and acknowledges that continued accreditation is dependent on successful ongoing compliance with the applicable 

requirements of Part 186. Please contact the Illinois EPA Environmental Laboratory Accreditation Program (IL ELAP) to 
verify the laboratory's scope of accreditation and accreditation status. Accreditation by the State of Illinois is not an 

endorsement or a guarantee of validity of the data generated by the laboratory. 

~I 

Janet Cruse 
Certiflcate No.: 	000620 	 Accreditation Officer 

Expiration Date: 	01/30/2003 	 Environmental LaboratoryAccreditation Program 

Issued On: 	06/28/2002 
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State of I/linois 	 Certificate No.: 	000620 

Environmental Protection Agency 
Awards the Certificate of Approval 

SIMALABS International - Merrillville 
250 West 84th Drive 
Merrillville, IN 46410 

According to the Illinois Administrative Code, Title 35, Subtitle A, Chapter 11, Part 186, ACCREDITATION OF LABORATORIES FOR DRINKING 
WATER, WASTEWATER AND HAZARDOUS WASTES ANALYSIS, the State of Illinols formally recognizes that this laboratory is technically 
competent to pedorm the environmental analyses listed on the scope of accreditation detailed below. 

The laboratory agrees lo perform all analyses listed on this scope of accreddation according to the Part 186 requirements and acknowledges 
thal continued accreditation is dependent on successful ongoing compliance with the applicable requirements of Part 186. Please contact the 
Illinois EPA Environmental Laboratory Accreditation Program (IL ELAP) to verify the laboratory's scope of accreditation and accreditation 
status. Accreditation by the State of Illinois is not an endorsement or a guarantee of validity of the data generated by the laboratory. 

Hazardous and Solid Waste, Inorganic 

1010 

Ignitability , 

1311 

TCLP (Organic and Inorganic) 

1312 

Synthetic Precipitation Leaching Procedure 

6010B 

Aluminum Antimony Arsenic 

Barium Beryllium Cadmium 

Calcium Chromium  Cobalt 

Copper 	- Iron Lead 

Magnesium Manganese Molybdenum 

Nickel Potassium Selenium 

Silver Sodium Strontium 

Thallium Vanadium Zinc 

7060A 

Arsenic 

713fA 

Cadmium 

7421 

Lead 

7470A 

Mercury 

7471A 

Mercury 

7741A 

Selenium 

7841 

Thallium 

9012A 

Cyanide 

9030B 

Sulfdes 

9034 

Sulfides 
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State of Illinois 	 CertifCate No.: 	000620 

Environmental Protection Agency 
Awards the Certificate of Approval 

SIMALABS International - Merrillville 
250 West 84th Drive 
Merrillville, IN 46410 

Hazardous and Solid Waste, Inorganic 
	

9041A 

Hydrogen lon (pH) 

9045C 

Hydrogen lon (pH) 

9066 

Phenolics 

Hazardous and Solid Waste, Organic 

8081A 

1,2-Dibromo-3-chloropropane (DBCP) 

4,4'-DDT 

beta-BHC 

Dieldrin 

Endosulfan sulfate 

Endrin ketone 

Heptachlor epoxide 

8082 

PCB-1016 

PCB-1242 

PCB-1260 

8260B 

1,1,1,2-Tetrachloroethane 

1,1,2-Trichloroethane 

1,1-Dichloropropene 

1,2,4-Trimethylbenzene 

1,2-Dichlorobenzene 

1,3,5-Trimethylbenzene 

1,4-Dichlorobenzene 

2-Hexanone 

4-Methyl-2-pentanone (Methyl isobutyl ketone, I 

Acrolein (Propenal) 

Bromobenzene 

Bromomethane 

Chlorobenzene 

Chloroform 

cis-1,3-Dichloropropene 

Ethylbenzene 

m-Xylene 

n-Butylbenzene 

sec-Butylbenzene 

Tetrachloroethene 

trans-1,3-Dichloropropene 

Vinyl acetate 

8270C 

1,2,4-Trichlorobenzene 

1,3-Dichlorobenzene 

4,4'-DDD 

alpha-BHC 

Chlordane - not othervvise specified 

Endosulfan I 

Endrin 

gamma-BHC (Lindane) 

Methoxychlor 

PCB-1221 

PCB-1248 

1,1,1-Triehloroethane 

1,1-Dichloroethane 

1,2,3-Trich lorobenzene 

1 2-Dibromo-3-chloropropane (DBCP) 

1,2-Dichloroethane 

1,3-Dichlorobenzene 

2-Butanone (Methyl ethyl ketone, MEK) 

2-Nitropropane 

Acetone 

Acrylonitrile 

B romodich loromethane 

Carbon disulTde 	 . 

Chlorodibromomethane (Dibromochloromethan 

Chloromethane 

Dichloromethane (Methylene chloride) 

Isopropylbenzene 

Naphlhalene 

o-Xylene 

Styrene 

Toluene 

Trichloroethene 

Vinyl chloride 

1,2-Dichlorobenzene 

1,4-Dichlorobenzene 

4,4'-DDE 

alpha-Chlordane 

delta-BHC 

Endosulfan II 

Endrin aldehyde 

Heptachlor 

Toxaphene 

PCB-1232 

PCB-1254 

1,1,2,2-Tetrachloroethane 

1,1-Dichloroethene 

1,2,4-Tnchlorobenzene 

1,2-Dibromoethane (EDB) 

1,2-Dichloropropane 

1,3-Dichloropropane 

2-Chloroethyl vinyl ether 

2-Pentanone 

Acetonitrile 

Benzene 

Bromoform 

Carbon tetrachloride 

Chloroethane 

cis-1,2-D ichloroethene 

Ethyl acetate 

Methyl-t-butyl ether 

n-Butanol 

p-Xylene 

tert-Butylbenzene 

trans-1,2-Dichloroethene 

Trich lorofl uorometha ne 

1,2-Diphenylhydrazine 

2 4,5-Trichlorophenol 
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State of Ill%nols Certificate No.: 	000620 

Environmental Protection Agency 
Awards the Certificate of Approval 

SIMALABS International - Merrillville 
250 West 84th Drive 
Merrillville, IN 	46410 

Hazardous and Solid Waste, Organic 8270C 	 ' 2,4,6-Trichlorophenol 

2,4-Dichlorophenol 2,4-Dimethylphenol 2,4-Dinitrophenol 

2,4-Dinitrotoluene (2,4-DNT) 2,6-Dichlorophenol 2,6-Dinitrotoluene (2,6-DNT) 

2-Chloronaphthalene 2-Chlorophenol 2-Methylnaphthaiene 

2-Methylphenol 2-Nitroaniline 2-Nitrophenol 

3,3'-Dichlorobenzidine 3-Nitroaniline 4,6-Dinitro-2-methylphenol 

4-Bromophenyl phenyl ether 4-Chloro-3-methylphenol 4-Chloroaniline 

4-Chlorophenyl phenyl ether 4-Nitroaniline 4-Nitrophenol 

Acenaphthene Acenaphthylene Acetophenone 

Aniline Anthracene Benzidine 

Benzo(a)anthracene Benzo(a)pyrene Benzo(b)fluoranthene 

Benzo(g,h,i)perlyene Benzo(k)fluoranthene Benzoic acid 

Benzyl alcohol Bis(2-chloroethoxy) methane Bis(2-chloroethyl) ether 

Bis(2-chloroisopropyl) ether Bis(2-ethylhexyl) phthalate Butyl benzyl phthalate 

Chrysene  Dibenzo(a,h)anthracene Dibenzofuran 

Diethyl phthalate Dimethyl phthalate Di-n-butyl phthalate 

Di-n-octyl phthalate Fluoranthene Fluorene 

Hexachlorobenzene Hexachlorobutadiene Hexachlorocyclopentadlene 

Hexachloroethane Indeno(1,2,3-cd) pyrene Isophorone 

m-Cresol (3-Methylphenol) Naphthalene Nitrobenzene 

N-Nitrosodimethylamine N-Nilrosodi-n-propylamine N-Nitrosodiphenylamine 

p-Cresol (4-Methylphenol) Pentachlorophenol Phenanthrene 

Phenal Pyrene Pyridine 

8310 

Acenaphthene Acenaphthylene Anthracene 

Benzo(a)anthracene Benzo(a)pyrene Benzo(b)fluoranthene 

Benzo(g,h,i)perylene Benzo(k)fluoranthene Chrysene 

Dibenzo(a,h)anthracene Fluoranthene Fluorene 

Indeno(1,2,3-cd) pyrene Naphthalene Phenanthrene 

Pyrene 

Wastewater, Inorganic 

SM2510B,18Ed 

Specific Conductance 

SM3500Cr-D,18Ed 

Chromium VI 

SM4500CL-B,18Ed 

Chloride 

SM4500CN-CE18Ed 

Cyanide 

SM4500CN-CG18Ed 

Cyanide-amenable to chlorination 

SM45000-C,18Ed 

Oxygen - Dissolved  

SM5210B,18Ed 

Biochemical Oxygen Demand (BOD) 	 Carboneous Biochemical Oxygen Demand (CB 
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State of lllinois 
Environmental Protection Agency 
Awards the Certificate of Approval 

SIMALABS International - Merrillville 
250 West 84th Drive 
Merrillville, IN 46410 

Certificate No.: 

Wastewater, Inorganic USEPA110.2  

Color 

USEPA130.2 . 

Hardness 

USEPA150.1 

Hydrogenlon(pH) . 

USEPA160.1 

Residue (TDS) 

USEPA160.2 

Residue (TSS) 

USEPA160.3  

Residue (Total) 

USEPA160.4 

Residue (Volatile) 

USEPA1664RA 

Oil and Grease 

USEPA170.1 

Temperature 

USEPA200.7 

Aluminum Antimony Arsenic 

Barium Beryllium Boron 

Cadmium Calcium Chromium 

Cobalt Copper Iron 

Lead Magnesium Manganese 

Molybdenum Nickel Potassium 

Selenium Silica Silver 

Sodium Thallium Tin 

Vanadium Zlnc 

USEPA206.2 

Arsenic 

USEPA213.2 

Cadmium 

USEPA239.2 

Lead 

USEPA245.1 

Mercury 

USEPA270.2 

Selenium 

USEPA279.2 

Thallium 

USEPA310.1 

Alkalinity 

USEPA330.5 

000620 
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State of Illinois 	 Certificate No.: 	000620 

Environmental Protection Agency 
Awards the Certificate of Approval 

SIMALABS International - Merrillville 
250 West 84th Drive 
Merrillville, IN 46410 

Wastewater, Inorganic USEPA330.5 

USEPA335.2 

Cyanide 

USEPA340.2 

Pluoride 

USEPA350.1  

Ammonia 

USEPA350.2 

Ammonia 

USEPA351.3 

Total Kjeldahl Nitrogen 

USEPA353.2 

Nitrate-Nitrite (sum) 

USEPA354.1 

Nitrite 

USEPA365.1 

Orthophosphate (as P) 

USEPA365.3 

Phosphorus 

USEPA375.4 

Sulfate 

USEPA405.1 

Biochemical Oxygen Demand (BOD) 

USEPA410.4 

Chemical Oxygen Demand (COD) 

USEPA420.2 

Phenolics 

Wastewater, Organic 

USEPA608 

4,4'-DDD 4,4'-DDE 

Aldrin alpha-BHC 
Chlordane delta-BHC 

Endosulfan I Endosulfan II 

Endrin Endrin aldehyde 

Heptachlor Heptachlor epoxide 

PCB-1221 PCB-1232 

PCB-1248 PCB-1254 

Toxaphene 

USEPA610 

Acenaphthene Acenaphthylene 

Benzo(a)anthracene Benzo(a)pyrene 

Benzo(g,h,i)perylene Benzo(k)fluoranthene 

Dibenzo(a,h)anthracene Fluoranthene 

Chlorine 

4,4'-DDT 

beta-BHC 

Dieldrin 

Endosulfan sulfate 

gamma-BHC (Lindane) 

PCB-1016 

PCB-1242 

PCB-1260 

Anthracene 

Benzo(b)fl uoranthene 

Chrysene 

Fluorene 
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State of lllinois 	 Certificate No.: 	000620 

Environmental Protection Agency 
Awards the Certificate of Approval 

SIMALABS International - Merrillville 
250 West 84th Drive 
Merrillville, IN 46410 

Wastewater, Organic USEPA610 Indeno(1,2,3-cd) pyrene 

Naphthalene Phenanthrene Pyrene 

USEPA624 

1,1,1-Tdchloroethane 1,1,22-Tetrachloroethane 1,1,2-Trichloroethane 

1,1-Dichloroethane 1,1-Dichloroethene 1,2-Dichlorobenzene 

1,2-Dichloroethane 1,2-Dichloropropane 1,3-Dichlorobenzene 

1,4-Dichlorobenzene 2-Chloroethylvinyl ether Acrylonitrile 

Benzene Bromodichloromethane Bromofortn 

Bromomethane Carbon tetrachloride Chlorobenzene 

. 	 Chloroethane Chloroform Chloromethane 	 . 

cis-1,3-Dichloropropene Dibromochloromethane Dichloromethane (Methylene chloride) 

Ethylbenzene Tet2chloroethene Toluene  

trans-1,2-Dichloroethene trans-1,3-Dichioropropene Trichlorcethene 

TrichloroFluoromethane Vinyl chloride 

USEPA625 

1,2,4-Trichlorobenzene 1,2-Dichlorobenzene 1,3-Dichlorobenzene 

1,4-Dichlorobenzene 2,4,6-Trichlorophenol 2,4-Dichlorophenol 

2,4-Dimethylphenol 2,4-Dinitrotoluene (2,4-DNT) 2,6-Dinitrotoluene (2,6-DNT) 

2-Chloronaphthalene 2-Chlorophenol 2-Nitrophenol 

3,3'-Dichlorobenzidine 4-Bromophenyl phenyl ether 4-Chloro-3-methylphenol 

4-Chlorophenyl phenyl ether 4-Nitrophenol Acenaphthene 

Acenaphthylene Anthracene Benzidine 

Benzo(a)anthracene Benzo(a)pyrene Benzo(b)fluoranthene 

Benzo(g,h,i)perylene Benzo(k)Fluoranthene Benzyl butyl phthalate 

Bis(2-chloroethoxy) methane Bis(2-chloroethyl) ether BIs(2-ethylhexyl) phthalate 

Chrysene Dibenzo(a,h)anthracene Diethyl phthalate 

Dimethyl phthalate Di-n-butyl phthalate Di-n-octyl phthalate 

Fluoranthene Fluorene Hezachlorobenzene 

Hexachlorobutadiene Hexachlorocyclopentadiene Hexachloroethane 

Indeno(1,2,3-cd) pyrene Isophorone Naphthalene 

Nitrobenzene N-Nitrosodimethylamine N-Nitrosodi-n-propyiamine 

N-Nitrosodiphenylamine Pentachlorophenol Phenanthrene 

Phenol Pyrene 
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SIMALABS International 
Data Review Checklist— Metals 

:f iRr~i71 
	

Analyst: 

1" Level Technical Review 
Review Element Evaluation Comments (use this space as needed) 

Calibration curve acceptance ❑ Yes 	❑ No 	❑ NA 
criteria met? 

ICV acceptance criteria met? ❑ Yes 	❑ No 	❑ NA 

ICB acceptance criteria met? D Yes 	D No 	❑ NA 

ICS acceptance criteria met? ❑ Yes 	D No 	❑ NA 

CCV acceptance criteria met? ❑ Yes 	❑ No 	D NA 

CCB acceptance criteria met? D Yes 	❑ No 	❑ NA 

MB acceptance criteria met? D Yes 	❑ No 	❑ NA 

LCS acceptance criteria met? D Yes 	❑ No 	❑ NA 

MS/MSD acceptance criteria met? ❑ Yes 	❑ No 	D NA 

PDS acceptance criteria met? ❑ Yes 	❑ No , 	❑ NA 

Analyses checked for carryover ❑ Yes 	D No 	❑ NA 
contamination? 

' Evaluations are applicable to target analytes only. Any "No" answer requires a Comment and the initiation of a Corrective 
Action Report (CAR) if the data is to be used. 

Data evaluated as "No" can be reported without a Case Narrative if any of the following apply (but a CAR is still required). 

• 	The control is biased high bias yet the analyte is "non-detectable" in the sample. 
• 	Blank contamination yet the analyte measured in the sample is "non-detectable" or  >  10X the blank contamination. 
• 	Unacceptable MS/MSD recovery but the sample concentration is > 5X the concentration of the spike added. 

Data evaluated as "No"  may  be reported if any of the following apply, however a CAR and Case Narrative are required. Case 
Narratives are generated by the QA department  qfiOr  to data validation in the LIMS. 

• 	Unacceptable MS/MSD recoveries handled in accordance with the MS/MSD Corrective Action Flowchart included in the 
QAP. 

• 	Insufficient sample, holding time, or turnaround time available for reanalysis. 
• 	Data meets the needs of the client (as per Project Manager). 

I certify that the above assessment has been performed and the analyses were performed according to the operating 
conditions and procedures contained in the current version of the Standard Operating Procedure. 

Initials: 	 Date: 

2ntl  Level Technical Review 
Above assessment accurate 

	
❑ Yes D No 

Data accurate in LIMS 
	

❑ Yes ❑ No 
If "No', list unacceptable evaluation(s): 

LIMS QA Validation performed 	 ❑ Entire Run 	❑ Partial Run 	❑ No samples validated 
Initials: 	 Date: 





SIMALABS International 
Data Review Checklist — Wet Chemistry 

Run ID: 	 Analyte: 
	

Analyst: 

1" Level Technical Review 
Review Element Evaluation Comments (use this s ace as needed) 

Calibration curve acceptance ❑ Yes 	D No 	❑ NA 
criteria met? 

ICV acceptance criteria met?  D Yes 	D No 	D NA 

ICB acceptance criteria met? ❑ Yes 	❑ No 	❑ NA 

CCV acceptance criteria met? ❑ Yes 	❑ No 	❑ NA 

CCB acceptance criteria met? D Yes 	❑ No 	❑ NA 

MB acceptance criteria met? D Yes 	❑ No 	❑ NA 

LCS acceptance criteria met? ❑ Yes 	❑ No 	0 NA 

MS/MSD accuracy criteria met? ❑ Yes 	D No 	❑ NA 

MSD / DUP precision criteria ❑ Yes 	❑ No 	❑ NA 
met? 

PDS acceptance criteria met? ❑ Yes 	❑ No 	❑ NA 

Analyses checked for carryover ❑ Yes 	❑ No 	❑ NA 
contamination? 

* Evaluations are applicable to target analytes only. Any "No' answer requires a Comment and the initiation of a Corrective 
Action Report (CAR) if the data is to be used. 

Data evaluated as "No" can be reported without a Case Narrative if any of the following apply (but a CAR is still required). 

• 	The control is biased high bias yet the analyte is "non-detectable" in the sample. 
Blank contamination yet the analyte measured in the sample is "non-detectable" or  >  10X the blank contamination. 
Unacceptable MS/MSD recovery but the sample concentration is > 5X the concentration of the spike added. 

Data evaluated as "No" mav be reported if any of the following apply, however a CAR and Case Narrative are required. Case 
Narratives are generated by the QA department prior to data validation in the LIMS. 

• 	Unacceptable MS/MSD recoveries handled in accordance with the MS/MSD Corrective Action Flowchart included in the 
QAP. 

• 	Insuffcient sample, holding time, or turnaround time available for reanalysis. 	 I 
• 	Data meets the needs of the client (as per Project Manager). 	 , 

I certify that the above assessment has been performed and the analyses were pen`ormed according to the operating  
conditions and procedures contained in the current version of the Standard Operating Procedure. 	 '.. 

Initials: 	 Date: 

2"d  Level Technical Review 
Above assessment accurate 	 ❑ Yes ❑ No 
Data accurate in LIMS 
	

❑ Yes ❑ No 
If "No', list unacceptable evaluation(s): 

LIMS QA Validation performed 	0 Entire Run 	❑ Partial Run 	❑ No samples validated 
Initials: 	 Date: 





SIMALABS International 
Data Review Checklist — GC 

Run ID: 
	 Analyst: 

1 st  Level Technical Review 
Review Element Evaluation * Comments (use this space as needed) 

Calibration curve acceptance D Yes 	❑ No 	❑ NA 
criteria met? 

Endrin/DDT breakdown criteria D Yes 	❑ No 	❑ NA 
met? Pesticide anal ses onl 

ICV acceptance criteria met? D Yes 	❑ No 	❑ NA 

CCV acceptance criteria met? D Yes 	E No 	D NA 

MB acceptance criteria met? D Yes 	D No 	❑ NA 

LCS acceptance criteria met? ❑ Yes 	❑ No 	❑ NA 

MS/MSD acceptance criteria met? ❑ Yes 	❑ No 	❑ NA 

SURR acceptance criteria met? D Yes 	❑ No 	D NA 

Analyses checked for carryover ❑ Yes 	❑ No 	❑ NA 
contamination? 

Acceptable confirmation ❑ Yes 	D No 	❑ NA 
erformed on 2ntl  column? 

Manual integrations appropriately ❑ Yes 	❑ No 	D NA 
erformed and identified? 

* Evaluations are applicable to target analytes only. Any "No" answer requires a Comment and the initiation of a Corrective 
Action Report (CAR) if the data is to be used. 

Data evaluated as "No" can be reported without a Case Narrative if any of the following apply (but a CAR is still required). 

. 	The control is biased high bias yet the analyte is "non-detectable" in the sample. 
Blank contamination yet the analyte measured in the sample is "non-detectable" or  >  10X the blank contamination. 
Unacceptable MS/MSD recovery but the sample concentration is > 5X the concentration of the spike added. 

Data evaluated as "No"  mav  be reported if any of the following apply, however a CAR and Case Narrative are required. Case 
Narratives are generated by the QA department  prlOr  to data validation in the LIMS. 

• 	Unacceptable MS/MSD recoveries handled in accordance with the MS/MSD Corrective Action Flowchart included in the 
QAP. 

• 	Insufficient sample, holding time, or turnaround time available for reanalysis. 
• 	Data meets the needs of the client (as per Project Manager). 

1 certify that the above assessment has been performed and the analyses were performed according to the operating 
conditions and procedures contained in the current version of the Standard Operating Procedure. 

Initials: 	 Date: 

2 ntl  Level Technical Review 
Above assessmentaccurate 	 ❑ Yes ❑ No 
Data accurate in LIMS 
	

❑ Yes ❑ No 
If "No', list unacceptable evaluation(s): 

LIMS QA Validation performed 	❑ Entire Run 	❑ Partial Run 	❑ No samples validated 
Initials: 	 Date: 





SIMALABS International 
Data Review Checklist— GC/MS 

RunID: 	 Analyst: 

1'` Level Technical Review 
Review Element Evaluation * Comments (use this space as needed) 

Calibration curve acceptance ❑ Yes 	❑ No 	❑ NA 
criteria met? 

Tune criteria met? ❑ Yes 	D No 	❑ NA 

ICV acceptance criteria met? D Yes 	D No 	❑ NA 

CCV acceptance criteria met? ❑ Yes 	❑ No 	D NA 

MB acceptance criteria met? D Yes 	❑ No 	D NA 

LCS acceptance criteria met? D Yes 	❑ No 	❑ NA 

MS/MSD acceptance criteria met? ❑ Yes 	D No 	D NA 

ISTD acceptance criteria met? ❑ Yes 	❑ No 	❑ NA 

SURR acceptance criteria met? D Yes 	D No 	❑ NA 

Analyses checked for carryover D Yes 	D No 	D NA 
contamination? 

Manual integrations appropriately ❑ Yes 	❑ No 	❑ NA 
erformed and identified? 

* Evaluations are applicable to target analytes only. Any "No" answer requires a Comment and the initiation of a Corrective 
Action Report (CAR) if the data is to be used.  

Data evaluated as "No" can be reported without a Case Narrative if any of the following apply (but a CAR is still required). 

• 	The control is biased high bias yet the analyte is "non-detectable" in the sample. 
• 	Blank contamination yet the analyte measured in the sample is "non-detectable" or  >  10X the blank contamination. 

Unacceptable MS/MSD recovery but the sample concentration is > 5X the concentration of the spike added. 

Data evaluated as "No"  mav  be reported if any of the following apply, however a CAR and Case Narrative are required. Case 
Narratives are generated by the QA department  priOr  to data validation in the LIMS. 

• 	Unacceptable MS/MSD recoveries handled in accordance with the MS/MSD Corrective Action Flowchart included in the 
QAP. 

• 	Insuffcient sample, holding time, or turnaround time available for reanalysis. 
. 	Data meets the needs of the client (as per Project Manager). 

1 certify that the above assessment has been performed and the analyses were performed according to the operating 
conditions and procedures contained in the current version of the Standard Operating Procedure. 

Initials: 	 Date: 

2 ntl  Level Technical Review 
Above assessment accurate 	 D Yes D No 
Data accurate in LIMS 
	

❑ Yes D No 
If "No', list unacceptable evaluation(s) 

LIMS QA Validation performed 	 ❑ Entire Run 	❑ Partial Run 	❑ No samples validated 
Initials: 	 Date: 





SIMALABS International 
Data Review Checklist — HPLC 

Run ID: 	 Analyst: 

1" Level Technical Review 
Review Element 	 Evaluation ` 	Comments use this space as needed 

Calibration curve acceptance 	❑ Yes ❑ No 	❑ NA 
criteria met? 

ICV acceptance criteria met? 	❑ Yes D No 	❑ NA 

CCV acceptance criteria met? 	❑ Yes ❑ No 	❑ NA 

MB acceptance criteria met? 	D Yes ❑ No 	❑ NA 

LCS acceptance criteria met? 	❑ Yes ❑ No 	D NA 

MS/MSD acceptance criteria met? 	❑ Yes D No 	❑ NA 

SURR acceptance criteria met? 	❑ Yes D No 	❑ NA 

Analyses checked for carryover 	❑ Yes ❑ No 	❑ NA 
contamination? 

Manual integrations appropriately 	❑ Yes ❑ No 	❑ NA 
erformed and identifed? 

* Evaluations are applicable to target analytes only. Any "No" answer requires a Comment and the initiation of a Corrective 
Action Report (CAR) if the data is to be used. 

Data evaluated as "No" can be reported without a Case Narrative if any of the following apply (but a CAR is still required). 

• 	The control is biased high bias yet the analyte is "non-detectable" in the sample. 
• 	Blank contamination yet the analyte measured in the sample is "non-detectable" or  >  10X the blank contamination. 
• 	Unacceptable MS/MSD recovery but the sample concentration is > 5X the concentration of the spike added. 

Data evaluated as "No'  mav  be reported if any of the following apply, however a CAR and Case Narrative are required. Case 
Narratives are generated by the QA department  grior  to data validation in the LIMS. 

• 	Unacceptable MS/MSD recoveries handled in accordance with the MS/MSD Corrective Action Flowchart included in the 
QAP. 

• 	Insufficient sampie, hoiding time, or turnaround time available for reanalysis. 
• 	Data meets the needs of the client (as per Project Manager). 

I certify that the above assessment has been performed and the ana/yses were performed according to the operating 
condJtions and procedures contained in the current version of the Standard Operating Procedure. 

Initials: 	 Date: 

2"a  Level Technical Review 
Above assessment accurate 	 ❑ Yes ❑ No 
Data accurate in LIMS 	 ❑ Yes ❑ No 
If "No', list unacceptable evaluation(s): 

LIMS QA Validation performed 	❑ Entire Run 	❑ Partial Run 	❑ No samples validated 
Initials: 	 Date: 





Table 3-1 
Summary Table of Sampling Analysis Program 

LOCATION SOILISEDIMENT SURFACE WATERIGROUNDWATER 
METALS COMPOUNDS(VOCs) COMPOUNDS(SVOCs) METALS COMPOUNDS(VOCs) COMPOUNDS(SVOCs) 

Date Prepared:4/12/02  

Section I 

Section 2 

Section 3 

Section 4 

7-Pit Section 5 

'I Discretionary 

9A/QC 

2 7 
........ 	

7 	
...... 	_. 	-. 

---- 
8   

8 	- ~  

... 	4 	.. 

4 

 ~ 	4 

...... 	4  .. 	.. 	.. 	. 	.. 	... 	. 

4 

4 

.._._ 	. ---- 4 	-- 

2 
----- 

2 Z_.. 

— 
8 

--_-_____.. 	- --------- 
8 

--_-_ 	
7 	_.-. 

4 

4 ....... 	.
2  7 

— 	_-.16 	
........ 	. 2 

8 

2  8....-..  
8 Z ... 

5-~ 

23  

16 . 	.. 	.. 	. 	. 	. 	. 	Z 	.. 	.. 	... 

--- 	9  
 .. 	57 	.. 	. 

8 
_ 	.. 	... 	. 	.... 	. 	- 	. 	4 

	

_ 	5 	 -  

2  - 	---4 	------ — 	 4  -___ 	_..... 

5 
- 

5 

Total 	._.L .  . 	

9 

.....-57 I-- 	~ 31 31 	 .. 	~ - 	... 	31  

NOTE: 
Volatile Organic Compounds (VOCs) analyzed via USEPA SW-846 Method 8260B. 
Semi-Volatile Organic Compounds (SVOCs) analyzed via USEPA SW-846 Method 8270A. 
Polyaromatic Hydrocarbons (PAHs) analyzed via Method 8270A in soils and by Method 8310 in water. 
Metals (As, Ba, Cd, Cr, Pb, Se, and Ag) are analyzed via USEPA SW-846 Method 6010. 
Hg is analyzed via USEPA Method SW-846 method 7471 a for solid and 7470a for aqueous. 



Constituent 	 I 	 Subsm -faceSoil (1) Nonresidential 
	

Groundwater(2) Nonresidential 

Sneemng 	PQL(3) 	 Accoracy(4) 	 Piceision(4) 	Screening 

	

LCL 	UCI 	RPD 

,  	 (m€/1 g) 	(m~leg) 	 i 	 i 	 i  

na hthpale}e 	10,000.00- 	0.66 NA - - ~~ 	NA  -~ 	 ~ NA 	 4.088 
a na hth lene 	 ~ NA 	 0.66 	NA 	 NA 	~ NA 	 'j NA 

-_  
acenapltthene 	 10,000.00 	0.66 	 31 	 78.8 	 ,24.5 	 6.132 

fl uarene 	-  	 - 	10,000.00 	O.6 6 	 ! NA 	 NA   	4.088 
_  _ pbenantlnene 	 NA 	 110.66 	 NA 	 NA 	 NA 	 NA 

 anthracene 	 1Q000.00 	'0.66 	 NA 	 NA 	', NA 	~ 	 30.66 

fluorantltene  	-- 	 0001 000 ~ ~~ 0.66 	~ 	 NA 	 ~ NA 	'~,NA 	 0.8176  
_-.. 	... 	. 	.. 	.. 	._ 	. 	 ___ 	 ....__- 	 . 	 i. 	 ........ __- 

pyrene 	 ~~,10,000.00 	Q66 	 26.2 	 j87.8 	121.4 	 3.066 
  __ 	 . ____- benzo(a)anthizcene* 	 .103.88 	~~ 	 0.66 	 NA 	 NA 	I NA 	 ~,0.01 

-  
chrysene* 	I,10,000.00 	0.66 	NA 	 . NA 	 NA 	 '~;0.3918 

benzo(b)fluoanthene" 	 1354.98 	0.66 	NA 	 j NA 	NA  

..,: benzo <fluorauthene* 	- 3,759.12 	0.66 	NA 	 'NA- ~-  	NA 	- 	'0.0392   ~_) 	..... 	. 	 _ 
- - ~I 	

_.._  I benzo(a)pyrene 	 69.85 	0.66 	 ~1 NA 	 NA 	NA 	1 0.01  

	

 _.... 	 I~  
: indeno(1,2,3-ed)py i ene* 	 629.17 	0.66 	 j NA 	 NA 	 NA 	 0,01 

_.___ 	 -_-.   	 .._.... 
!, dibenzo(a,h)anthracene* 	~ 	 69.86 	0.66 	 !. NA 	 NA 	 NA 	 0,01 

benzo(g,h,i)perylene 	 --- 	NA 	--- 0.66 	-- '~,.NA 	 NA 	 NA 	 NA 	~ 

3,3 dichlrnobenzidme 	 1286 	1.3 	 NA 	 NA 	 NA 	 002 
.___ • 	__ 	 - 	_ _ n nitroso-d i  n p ropylamine 	.. 	 0.66 	 . 0 66 	_ 	30.7 	 90 	 34 	 0 01  

brs(2 chlormsopopyl)ethei 	 1.32 	 0 66 	 NA 	 NA 	 i NA 	 0 0409 
__  	 .. 

4 chloroamhne 	 1,117 69 	1 3 	 NA 	 NA 	 NA 	 0.4088 - - 	 - 	 1-- 
2-chloronaphthalene 	 !iQ000 00 	0.66 	 NA 	 . N.A - 	NA 	 ~ I~ 8.176 

 
2,4-dinitmtoluene     	 139.07 	 066 	28.6 	 80 	 12.5 	 I0.2044 

l  hexachlorobutadrene 	 37 18 	I066 	 NA 	 NA 	 NA 	 OO167 

. bexachloroethane 3.31 	_ IO 66 	 NA 	._ 	NA 	NA 	 .0 0204 

isophorone 	 ',256.03 	110.66 	 NA 	 i, 	 3. NA 	 li NA 	 '0105 
 ~I  ~  benzyl alcohol 	 4,35675 	 ~ 	

_T
l 3 	 i NA 	 NA 	 i  NA 	 .I 

~30 66 	. 
r_ 

bis(2-chloroethyl)ether 	0.66 	0.66 	NA 	NA 	I NA 	0.01 
 .i.... 	 .....__ .-_. __- 	. 	. ..... 	_-.__  nitrobenzene 	 1.73 	0,66 	 NA 	 NA 	 NA 	 0.0511 

_ 	 ... 

	

12-dichlorobenzene 	 IQ000.00 	066 	 NA 	 NA 	NA 	 9 . 198 	. 

	

1 3-dtchlorobenzene 	 NA 	 0,66 	 NA 	 NA 	NA 	 NA 

	

1,4 dtchlorobenzene 	 34 67 	0.66 	 27,8 	~ 73 3 	 31.1 	 0,1192 

PQL(3) 	 Accmacy(5) 	 Ptemsion(5) 

LcL 	~ 	ucl 	 i~rD - - - 

/o 	 /o 	.. 	/o 
~ 	0.01 	NA 	. 	_. 	 NA 	'-NA 	._.. 	._... 

7.01 	NA 	NA 	~ 	~I NA 

	

- 
	 _ 

	

).01 	28.fi 	88.6 	~i413 
001 	~~~.. 	NA 	iNA 	... 	i,NA 
0.01 	~NA 	NA 	~~,NA - 
D.OI 	. NA 	j NA 	', NA _-~., 
QO1 	~~..NA 	,NA 	,NA 
O.OI 	'253 	103 	137.7 

 0.01 	NA ~ 	NA 	TNA 
O.OI 	NA 	NA 	~ ~ 	NA 
0.01 	NA 	NA 	NA 	~ 

NA 	NA NA 
0.01 	NA--~~ 	NA 	 - 	~ 'NA 
0.01 	, NA 	NA 	~', NA 
0.01 	~ 	''~ NA 	NA 	~:. NA 

	

0.01 	'~, NA 	NA  

	

0.02 	NA ~ ~ 	NA 	~~~. NA - 	- 

	

0.01 	~15.9 	119 	42.7 

	

- _ 	 -_ 	 - 

	

0.01 	NA 	NA 	NA 
0.02 	NA 	NA 	NA 

- - 0 01 	NA 	NA 	~ NA 
0 01 	23.5 	95.4 	~36 5 
001 ~ 	NA NA 	NA  
001 	-- 	NA 	NA 	~NA 

- 001 	INA 	NA 	'NA 
0.02 	INA~ 	NA 	'NA 
0.01 	NA 	NA 	~, NA 

- 001 	NA~ 	~NA 	'~.NA 	_ 	.. 
0.01 	~ 	~. NA 	i NA 	'~. NA 
0.01 	NA 	NA 	'~, NA 
0.01 	20 6 	82 	i39 7 

- 	- 	
_- 	

~- 	 ___ 	.... 
_. 	... 	. 	 448 

mtro,sodiphenylamine 	 I567 8 6 	... _.. 0,66 	 ~ . 	NA 	. 	i  NA ..... 	. 	. NA 	 IO 50837 	_. .. ... 	0,01 	 NA 	 ~i  NA 	 ~', NA 
~  neh xaclnil,aroceycopentadiene 	

-...- 	

1'$0537 

	
066 	 NA 	 I1 NA 	NA 	_.._. 10 071254 	~ 	 001 	- 	1NA 	i NA 	 ,.,_ NA 	_ 	.. 



'. 	 Constituent 	 SubsurCace Soil (1) Nonresidenfial 	 I 	 Groundwater(2) Nonresidential  

~ 	 I 	 i 

 ~ 

	m Ac~ 	

LCL ~UC L 	RPD 	 ) 	( g  ) 	 ~L 	Y  (~ 	
P~ ecision (5) 	~ Scieem~ig 	PQ~L(3) 	 Accurncy (4) 	 Pxemeton (4) 	S (  ~li ng 	PQL(3) 	~ 	 Accurac . UC f 

	~ 	 RPD 

( S ) 	(ma/I< 	/ 	 / 	 / 	 I 	/ 	 / 

benzoic acid 	 10 000 00 	13.3 	 NA 	 ~ NA 	 NA 	 408 8 	0 0 ~ 	 NA 	

t46A7 

	 I NA 	 ~ 
_. 	 ._.. 	_ 	 _- 

2 nnroamhne 	 3.3 	 33 	 NA 	 NA 	 I NA 	 0 OS 	 0 05 	 NA 	 ~ NA 
phenol 	 658 78 	I O 66 	28 1 	77 	31.4 	12.264 	0.01 	5 	- 70 4 	 ! 

 
2-methylphenol 	 !375 .93 	10,66 	 NA 	 NA 	 NA 	 5.11 	~ 0.01 	 NA 	 ; NA 	 ~ 

 
3 methylphenol 	 i, NA 	10.66 	 NA 	 NA 	 NA 	i NA 	0.01 	NA - 	NA 	 NA 

__. 4 methylphenol 	 '427 24 	0 66 	 NA 	 NA 	 NA 	5.11  	0.01 	 . NA 	 NA 	 ' NA 
2 chlorophenol 	 11.63 	0.66 	29 4 	75.7 	32 	0,511 	 01 0 	 31.3 	81.3 	44.3 .. _ 	 - 	 i 

NA 	 NA 
_. 

- - P  	 3066 	0.01 	 NA 2,4 dichlo ~ o henol 	 15 12 	0 66 	 NA 	 NA 	 NA 	 i 0  

	

._._ 	 ._... 	.. 	..  
2 4,5 uichlrn ophettol 	 5,507 44 	0.66 	 NA 	 NA 	 NA 	~ 10 22 	0.01 	 NA 	 NA 	_ 	NA 

F2,4,6nuchloiophenol 	 3065 	066 	 NA 	 NA 	 NA 	 026 	 001 	 NA 	 NA 	- NA 
___    pentachlorophenol 	 24 95 	13.3 	 5 	 106 	12.2 	0 OS 	 0.05 	5 	 114 	 29.2 

.   
2,4d ~ mtrophenol 	 ~.7.37 	 3.3 	 NA .. 	._ .I_ NA 	 ~ NA 	0 2044. 	0.05 	 NA 	 NA 	 I NA 

_   
bis(2-ethylhexy 1)ph[hala[e 	 ~ 1,406.25 	0.66 	 NA 	 I NA 	NA 	02043 	0.01 	 NA 	 NA 	 '~, NA 

_ butylbenzylphfhalate 	 ~ IQ00000 	. 066 	 ~ NA 	 NA 	 NA 	 I20.44 	70.01 	 INA 	 ~ NA 	 'NA 
..__ __.. 	__-  

di-n-bu ty lphthalate 	 '~,6,188.56 	0.66 	 I NA 	 : NA 	 NA 	 2 044 	0.01   	'~.; NA 	 NA  	-'~, NA  
..__ 	 _._ ____  

diethylph[halate 	 ',JQ000.00 	O.fi6 	 NA 	'~. NA 	 NA 	 81.76  	0.01 	''~, NA 	 : NA 	 NA 
 de methyl phthalate 	 10,000 00 	0.66  	NA 	 ~ NA 	 NA 	 1022 	0 01 	 I NA 	 NA 	- NA 

 
di n octyl phfltelate 	 10,000 00 	0.66 	 NA 	 NA 	 NA 	 12,044 	i 0 Ol 	 NA 	 ~[NA  	NA
benzene 	 4.77 	0 005 	i85 8 	120 	32 	0 0986 	0 005 	74.1 	19 	23 7 
 -   I  toluene 	 1,000 00 	0 005 	80 1 	126 	449 20 44 	0 005 	796 	22 	25 4 



Coostituent 
	

G ~roundwatcr(2) Nonresidential 

ethylbenzene 

	

_ 	_- _ - 
xylenes 

~ myI chlorrde 

chlornethane 	~ 

1,1 dichlotoethylene 

1,1 dmhlo ~ oethane 

~ 1,2 dichloioeGrylene (c ~ s) 
- .. - _ 

1,2 diehlo ~ oethane 

tnchloroethylene 

1 1 1 n'iehlo ~ oethane 	~ 

	

___ 	__- 	__. 	
... 

1,1,2 trichloroethane 
.- ..-__- .._._- ._. 

teh'acl4oroethylene 
.._-__....__ 
	 ._ 	__.. 	__ 

, 1,1,1,2-tetrachloroethane 

1 1 2,2-tetrachlmoerhane 

chlrnnfo ~Tn 
_ _ 

acetone 

' 	4-mefhyl-2-pentanone 

melhyl ethyl ketone 

Aldiin 

gamma-BHC (l.indane) 

chlordane 	 - ~~~~ 	 ~~~~~ 

__ 
DDD 

DDE 

DUT 

dieldnn .  ...-_ _. 

endosulfan sulfatc 

endnn ~ 	 -~ 	 ~-~~ 

heptachloi 	~~~ 	 ~~ ~ 

heptachloi epoxtde 	~ 

PCAs (A~ ocbi 1016) 

	

__ 	- lead 

cadmium 

silver ..... 	... 	.... 

	

_____ 	 ...... . . 
mercury 

	

__.. . 	._____.. 
~ chi omium vi 	 ~ 

. 	. 	._... 	 ..__. 

_ 	 ..__ 	. _ - 	 _ 	- 	 _ 
Sereenmg I 	PQL(3) 	 Acemaey (4) 	' Precrsmn (4) ~~ 	 Screening 	PQL(3) 	 Accuraey (5) 	~ 	 Pxemsion (5) 

LCL 	UCL 	RPD 	~ 	 ~ 	 LCL 	I ~ UCL 	RPD 	~ 

	

(mg~s) 	<mw> 	i 	~ 	i 	 i 	~ (mg~ ) 	 (mgn) 	<. 	~i 	~ 
- 	 - 	° 	_ 	--  I,000.00 	0 005 	 83 8 	 l29 ~ 	 70 9 	 10 22 	~ 	 0 00~ 	 71 2 	 140 	 - 25 2 

	

_ 	 _ 	 _ 	 - 	 _ I I,000 00 	~ 0 005 	 NA 	 I NA 	 NA 	 204 4 	0 005 	 NA 	 NA 	 NA 

0.13 	 ~ 001 	~ 	 722 	 131 	 493 	 ~Ol 	~ 	 001 	 372 	 152 	 312 

1,000 00 	0 01 	 82 6 	 129 	 45 	 NA 	 0 01 ~~ 	 IS 	 347 	 29 3 
_ 	 __ 	 _. 	 ._ 	 ___ 0.08 	 000~ ~ 	 728 	 126 ~~ 	 36.4 	 ~~ 0007 	 ~I OOS 	 56b 	 124 	 31 

~ 1,00000 	0005 	 ~ 863 	 L10 	 ~41 	 1022 	 i0005 	 64.3 	 124 	 142 	_ 

	

_ 	_. 	_ 	- ._~ _- 	_ 
~ 102 49 	0 005 -- 	NA 	 NA 	 NA 	 1 022 	0 005 	I  NA 	~ NA 	~ 	 NA 	~ _ 	 ..__ 	 .__ 	. ._ 	 _ 	_ 	 _ 	 _ 	.___ 	 .__ 	 ._ 	 _ i 	 - 
0.37 	~ 	 0 005 	 70 7 	 139 	 41 2 	 0 0314 	 0.005 	 73.3 	 ~ 126 	 23.3 
... - 	 - 	 _.__ 	 _ 	 ._ 	 _-__. 25 73 	~ 	 0 005 	 82 6 	 116 	 35 3 	 0 26 	 0 005 	 ~ 70 7 	 127 	 26 9 

1,000 00 	0 005 	86 2. 	 ~ 124 	 24 4 	 9 I 98 	 0 005 	 72 1 	 ~ l29 	 129 

1.OS 	 ~~~ 0.005 	~~~ 	 72 ~~ ~ 	 137~ 	 ~~~-- 34.4 	~-- ~ 0.0502 	~~~~ 	 0005 ~~~~ 	 75.6 ~ 	 123 	~~~~ 	 25.9 ~~~~~ 
.__ 	 .. _ 	 . '- ..__- 	 _.... 	 _.._ 	 . - ...__ 	_.._ 

8.01 	~~ 	 0.005 	~ ~ ~ 	 80 ~ 	 ~ 	 128 	 '~.29.1 	 0.0561 	 0.005 	 i71.7 ~ 	 '~.139 	 i29.7 ~ 

	

._..._ 	...__. 	.____ 	...,_ 	 .._._ 	. _- 	____. 	 _ ~~- .. 	 . -. 
~ I7.24 	0.005 	NA 	' NA 	~~NA 	 ~~ ~ 0.11 	0.005 	I NA 	~: NA ~~ 	 NA - 	 . 	 _ 	 - 	 _ 	 _. 	 ._ 	 - 	 _ 	_ 0.21 	 O OOO 	~7 1 	 145 	 I8S 2 	 0 0143 	 O OOS 	 54 8 	 L44 	 27 3 

i20 33 	~ 0 OOS 	~ 	 ~85 3 	 114 	 22 I 	 ~~ 0 4689 	 i0 005 ~ 	 75 8 	 t 16 	 25 

	

__ 	 __ 	 .. i 	 _ 	_ 	__ 	 _ 
13629 	01 	 NA 	 NA 	 NA 	 1022 	O1 	 NA 	 NA 	 NA 

407 48 	0 OS 	 NA 	 i  NA ~ 	 NA 	 5 I I 	 0 OS 	~ 	 i  NA 	 ~ NA 	 ~ NA 	~ _- 	 - - 	_ 
146 24 	0.1 	~ 	 NA 	 NA 	 NA 	~ 5 I I 	 i0 I 	 NA 	 NA 	 NA 

0.06 	 ~~ 0.003 	~ 	 50 	 ~~ 	 I50 	 i30 	 00002 	 000004 	50 ~~ 	 150 	-~30 ~ 

	

. 	 _ 	 - 	_ 	 _ 	_ 0.34 	 ~ 0 006 	 I50 	 150 	 30 	 ~ 0 0022 	~~ 	 0 00009 	SO 	 ~.150 	 30 
,._ 	..._ 	...__ 	 ._.__ 	.. ~_-_ 	 ... 	 .__ 	.__ 	 '__-_. 	.-_ ~- 	.._. 	 _ ~ 

';4 51 	 0 009 	. ~NA 	 NA 	 NA 	- 0 002 	0 00014 	NA 	 NA 	 NA 

~
8 34 	. 0 007 	~ 	 50 	 150 	 . 30 	.. 	~ 0 Ol 19 	 0.00011 ~ 	 ~ SO 	 150 	 ~ . 30 

80 49 	 I 0 003 	 I50 	 I50 ~ 	 90 	 0 0084 	 0 00004 	I50 	 I 50 	 ~~ 30 	~ 

i 14183 	~ 10008 - 	00 	 150 	 30 	 _ 00084 	 000012 ~~ 	 50- 	 ~ 150 	 30 I 	 ~ 	 i 	 I 	 i 

0.06 	 0 001 	 50 	 150 	 30 	 0 0002 	 0 00002 	i50 	 I750 	 ~ 30 	 .. I 

12 ~044 SO 
__- 

l50 
I _- 

30 0 0051 00066 
_ 

c0 
- 	_ 

~ 150 30 
._ 

10 12 ._-_ 
~~ 	 0 004 150 30 ~ 	 0 0061 0 00006 

~0 

- 	- 
50 I50 ~~ 	

_ 

30 

0.44 _- 	_- 0 002 

~I50 
_ 50 I50 30 ~ 	 0 0006 0 00003 50 	~ 1S0 ~ 30 

0 45 _ 
~ 	 0 056 ISO 	~ UO ~ 30 ~ 	 ii 0 0008 - 0 00083 UO I SO ~ 

_ 30 

~4.23 ~0 044 .. 0l 7 133 ~ 60 3 0 0007 ~ 	 0 00065 30 7 .  i 153 30 

NA 0 5 NA _ NA - 
~. NA - _ NA 0 003 	~ 80 ~ 120 _ 20 

.730 0 5 _. .__- NA ___ 
NA 

_ 
NA ~~~ 	 i 0 0511 ._ 	 - j0 005 .__ 

80 
__ 

,~ 120 __ _. 
~ 20 

I7,300 00 .__ I II ..__ NA . - _ 
I 
 NA I NA 0.511 

.__... 
__ 	._. __ I0.01 

_ 
. _. 85 __ 

~.115 
_... 

20 
__._. 

~ I,87.6 ___._ 
~ 0.1 ~'~.NA ~',NA ~ NA 

_ 	. 
00061 ~ 

_-. . 	. - _ . 
~ 0.0002 	~ ~~~ 	 ~B5 	 ~ 	 ~~ ~ 	 ~I1~5 	 ~ ~~~~~~20 	 ~~~~~~ 

!7,30000 	~~ 

,._. 	.._.. 
. 	___-. 

~ 	 ~1 	 ~ 

.. 	..... 
.80 	~ 

.. 	. 	... 	.. 
_- 120 

_.. 	. 	..... 
i 20 
~. 	._.. 

0511 
. 	I. 	.... 

_ 	 .. _. 
0.01 

__... 

. _.. 
~~ 90 

. 	,_ 

___ 
.1L0 

...... 	~. 	_.. 
.. _. _ 	__- _. 

~20 
. 	. 	.__.... 



Constituent 	 I, 	 Subsurface Soil (1) Nooresidential 	 I 	. 	 Groundwatcr(2) Nonresidenfial 

...._ 	 .__ 	_  
 I 	g 	Q ( ) 	 v ( ) 	 ~ ( ) 	g 	~ 	Q ( ) 	Acwtacy (5) 	~ 	PrecieSon (5) . 	 Screemn 	P L 3 	 Accurac 4 	 ~ Preaston 4 	Screenin 	P L 3 	I 

_—. 
LCL 	 UCL 	 RPD 	 . 	L('L 	 UCL 	 RPD 

(mg kg) i (mglkg) ~ 	i 	 % 	 / 	~ 	(mg/9 	6ngn) 	% 	 / 	 / 

chromiurn in 	 110,000 00 	1 	 ~ NA 	 NA 	 NA 	 102.2 	0.01  	NA 	 NA 	 NA 
_. 	_— _ 	 -____ 	— 	 _-_- 	 —__—  

barium 	 10,00000 	20 	~~ 	 NA 	 NA 	 ~.NA 	 7.154 	0.2 	 '~,85 	 115 	 20 
arsenic  	 '~ 438 	 1 	 NA 	 NA 	 NA 	 0.05 	 0.01 	 I 8 0 	 120 	 20 

__ 	... .. 	 . 	._. 	. . . 	 _. _. 	~ 	... ..  _ anlnnony 	 . 	',584 	 6 	 i NA 	 NA 	 NA 	 ~.0.06 	 0.06 	 80 	 I120 	 20 
_ 	_— 	 _. . 

bcryllium 	~ 	 '~,118.6 	,,0.5 	 .NA 	 !NA 	 ~,NA 	 ~:0.005 	0.005 	,88 	~.iIS 	 '~,20 

	

_. 	. _ - 	 ._.— 	 __— 	 __... 
cyaiiide 	 ~ 	 ~ 1Q000.00 	0 125 	'~ NA 	 NA 	'~ NA 	 2 044 	0.01 	 I90 	 110 	 .20 ..  

 	 .___. _ ~ ivckel 	 10,000.00 	4 	 NA 	 ~~, NA 	 I  NA 	 2.044 	0.04 	85 	 .115 	 20  
selenium 	 7,300 00 	0 5 	 NA 	 NA 	 I NA 	 0.511 	0 005 	80 	 120 	 I 0 

_ 	 _ I 	 _ vanadmm 	 10,000 00 	5 	 NA 	 ~ NA 	 NA 	 0 7154 	10.05 	 85 	 1 15 

	

120  
zmc . 	 _ 	 10,000 00 ~ . 	NA 	NA 	 I  NA 	._._ 30.66 	 0.02 	 . 	85 	 115 	 ._ I20  

1 0  UaT.'e6uality  Objectives for subsurface soil are taken from Indian Department of Environmetnl Management, Summary of Health-IIased Criteria for Subsui -face Soils (Nonresidcntial Land-Use Scenario), in the ResourceGuide for the I 
Voluntary Remediation Proe am, Appendix F,'Pable 10 (July 1996).  

. 2. Uata Qualiry Objectives for subsurface soil are taken froin htdian Department of Environnietal Management, Summary of Ilealth-6ased Criteria for Groundwater (Noiiresidential Land-Use Scenario), in the Resource Guide for the Indi 
Volunt'ary Remediation Program, Appendix F, Table 8(July 1996). 	 . 

3. PQL- Practical Quantittation Limit, based on EPA SW-846, 1986 for GC/MS. 

4. Subjectto clhange based on eurrentlaboratory in-house acceptaneelimits. 	 .  

5. Subject to cliange based on vendor supplied acceptance limits for a solid matrix standard. 	 . 

NA- Not Available since organic constituents arenot spiked and controlled. List of spilced constituents are defined in method, liowever, the spike list is subject to change. Specific accuracy and precisiott eriteria are not available for metz 



Constituent 	 'i 	 SubsurfaceSoil (L) ResiUential 	 '~, 	 Groundwater(2) Residential 

	

...-__ 	 __.  i Scr eningLeVel '' 	PQL(3) 	~ 	Aooaracy (4) 	 Prac i e i on (4) 	Sq-eeningLcvel 	PQL(3) 	 Accmacy (>) 	 ' 	Prccimon (5) 

.-_  I 	LCL 	UCL 	~i 	RNU 	 LCL 	UCL 	RPD L mg~g) 	 (mg1kS) 	 ~ ' 	_. 	% 
	... . 	/ _. . 	 . tno 1 	1 	(

mgll) 	~ 	 '% 	. 	% 	~. 	 %u 
- 

d) 

	

- - 	 -- 	 -- 	- ---_ _ Semivolahl e Organic Cornpound s 	 .  

naphthalcne 	 - 	 - 	1,761.785 	0.660 	NA 	 NA. 	 NA 	I 21600 	001000 	I 	NA 	NA 	 NA 
acenaphthylene 	 NA 	 . I0.660 	 NA. 	_ 	NA 	. 	NA 	NA 	. 	0.01000 	. I 	NA 	 NA 	 NA 	'.. 
acena hthene 	 10,000.000 	0.660 	 17 I 	 89 1 	 24.5 	1.82400 	 0.01000 	 14 5 	

966 

	 41 3 
_-_ 

 ~ 	I_ 	 ~ I 21600 	0.01000 	 NA 	 NA ~ 	NA fluorene 	 8838.641 	i0660 	 29 	 156 	 46 	 _- 

phetanth ~ ene 	 NA 	 0660 	 NA 	 NA 	 NA 	NA 	 0.01000 	 NA 	~ 	NA 	 NA 
_-  anthracene 	10,000.000 	0.660 	NA 	 NA 	 NA 	1912000 	0.01o00 	 NA 	i 	NA 	! 	NA 

	

. _.- 	 - 
	_  I fluoranlhene    	2,30iO40 	.0.660  	NA 	NA 	NA  	JI0.24320 	I0.01000 	 NA 	 --- NA 	 NA 

	

-_ 	 -_ 	_-_-_ 	 _ 	 - 	 . 	 14.3 	 107 	 37 7 I pyxene 	 i10,000.000 	0.660 	 5 	 116 	 21 4 	0 91200 	 0.01000   
- benzo(a)anthracene 	 ~ 103 881 	0.660 	NA 	NA 	, 	NA 	0 00010 0 01000 	~ NA 	NA 	 NA 

	

 - 	 __-  chrysene 	 1379.273 	0.660 	 ..- NA 	NA 	, 	NA 	000020 	0.01000 	 NA 	 NA 	L_ . 	NA 
benzo(b) fluoranthene 	 354.977 	0.660 	 NA 	~ 	NA 	, 	NA 	0,00020 	0.01000 	 NA 	I 	NA 	 NA 

	

_ 	 _. 	 --_. 	 __ 	 . 	- 	-I _ 	 . 

n deno(lp2 3 cd)pyre ie 	-_ 	 . 	III6029 

69.849 

66 	10,660 	 NA 	~ - NAA  NA _. 0 00040 	0.01000   T~ NA 	 ~ NA ~ 	NA- -I  
drbenm(a,h)anthra cene 	 ~ 69.863 	 0.660 	 ~ 	NA 	 NA 	 NA 	000030 	OA1000 	 NA 	NA 	 NA 

~ -   - benzo(g,h,i)perylene 	 NA 	 0660 	 NA 	 NA 	 NA 	NA 	 0.01000 	 NA 	 NA 	I 	NA 
__-   

 .,3,3'-diehlmobenzidtne 	 12.865 	 1300 	 I 	NA 	~ 	NA. 	 NA 	I0.02000 	002000 	 NA 	 NA 	~ 	NA 
, n-nitroso di n piopylaniine 	0 660 - 	 0,660 	9.25 	 109 	34 	,0.01000 	 0 01000 	 6 65 	 116 	'~.. 	 42.7 

.  bts2-ehloroosoro lether 	 0660 	 NA 	 NA 	 NA ~O100o 	001000 	 NA 	~ 	NA 	 NA - 
4 chloroamhne py)  	 186.921 	1.300 	 NA 	 NA 	NA 	012160 	002000 	 NA 	 NA 	 NA 
~- - 	 ! 	 _ 

	

- 	 __- _ _. 	 -- 	 ~ NA 	2.43200 	0 01000 	NA 	 NA 	 NA 

	

- 	 - 
2 cbloronaphthalene 	 ._- 	 10,000.000 	Q660 	 NA 	 NA 	

29 7 	10 06080 	0 01000 	L8.7 	 96 2  i  2,4 dini[wtoluene4 	 i6 535 	 0.660 	 12 ~ 	 83 4  

~ lhexachlorobutadiene 	 1 6.777 	 0.660 	 NA 	 NA 	~ 	NA 	I0 01000 	0.01000 	 NA 	 NA 	 NA 
~ 	 _ 	 _ 	 .- 	_ 	 --NA

- I  hexachlorocthanc 	 1 153 	 0.660 	 NA 	 NA 	 NA 	0 01000 	0.01000 	 NA 	 NA 	 NA 	I 
iso 

	

p
... .. 	 ...._ . . 	. 	.. 	. 	

1 1,433  __.. 	Q 	 - _  hamne 	 660 	 , 	NA 	, 	NA 	~I 	NA 	10 08947 	,0.01000 	I 	NA 	, 	NA 	; 	NA 	'. ~_- 
 benzyl alcohol 	 728 618 	1,300 	 NA 	- 	NA 	~ 	NA 	9 12000 	0.02000 	 NA 	 NA 	' 	NA 

bcs(2chloioethyl)ether  	0660 	 0.660 	 NA 	NA 	 001000 	O.OL000 	i 	NA 	'; 	NA 	j 	NA 	i 
_.  

nittobenzene 	 ~ 	 0.660 	 0.660 	 NA 	i 	NA 	II 	NA 	001520 	0.01000 	i 	NA 	~ 	NA 	I_ 	NA 	i 
_ I 2 diehlo i  obenzene 	 ~12,524.230 	[0 660 	 NA 	 NA 	~ 	NA 	0 60000 	0 01000 	... ~ 	NA 	 NA 	 NA 

I 13dichlaobenzene 	NA 	 0660 	 NA 	I 	NA 	 NA 	060000 	001000 	 NA 	 NA 	 NA 	~I 
- 1,4 dichloi obenzeie 	 0,897 	 0660 	 0 	 93 1 	 311 	- 	0 07500 	 0.01000 	 12. t 	_ 	93 1 	i_. 	39.7 	 , 
__--. 	 __  F 1,2,4 trichlmobetzene 	 .. 	235.033 	 0.660 	 0 	 86 2 	 34 6 	0,07000  0.010 	 6.56 	I 	93 1 	 44.8 

I hcxachlorobenzene4 	 - 	 101.564 	10.660 	 ~, 	NA 	~ 	NA ~ 	I 	NA 	0.00100 	~ 0.01000 	I 	NA 	"~,  	NA 	'I  	NFl  
 ~ hexachloiocyclopentadicnc 	 2 891 	 10.660 	 NA 	NA 	I 	NA 	0 05000 	~0.01000 	! 	NA 	NA 	NA 	I . 	..._ 	._-... 	 _.._ 	-_-.. 	 .._. 	 __. 	. 	. 	-.__ 	 ._ 	 _....... 	 ___..... 	i 	._.-_......... 	.- 	. 	'~. 	 , 



(mg/kg) 	(ntg/kg) 

hosodiphenylamine  	-- 	i3 l77 	 0.660  

benvoicacid 	 ~ 10,000000 

n ni 

	~ 3.300 

2 nihoanilme t3 300 	 3.300 
_.. 	. 	__.i 	__ 	_._ 	.. 

Acctiracy (4) 	 Precision (4) 	Screening Level 	PQL(3) 

L aL 	~ ._.- 	U/L 	II 	RPD 

 
NA 	~. 	NA 	NA 	I001735 	I001000 	_. 

— NA 	NA 	:YA 	121.60000 	0.05000 
 NA 	NA 	. 	~ 	NA 	0 05000 	10.05000 . 

_ Accuracy(5) 	', 	Vrecision(5) 

	

_ 	 _ 

	

LCL 	UCI 	RPD 

NA 	i 	NA 	NA 
NA ~ 	NA 	~ 	 NA 
NA 	~ NA 	NA 	~ 



Constituent 	 ! 	 SubsnrfaceSoil(1)Residentfal 	 '~i 	 ~ 	 Groundwater(2)Residential  

i 

	

Screening Level 	PQL(3) 	I 	 Aceuraey (4) 	 Pxecision (4) 	Screening Level ~~ 	PQL(3)~ 	Accwacy (5) 	 Pxeasion (5)  

	

i 	LCL 	 110. 	~ 	RPD 	 LCI. 	 UCL 	 RPD 

(mg~g) 	~ 	(m~kg) ~ i 	~ 	i 	 i 	 (m€1p 	(mgn) 	~ 	~i 	 i 	 i 
phenol 	 II10 173 	0 660 	 10 8 	 87 8 	~ 	 31.4 	3 64800 	0.01000 	 5 	 70 4 	 55 
2methylphenol 	62.871 	 0660 	 NA 	 NA 	~ NA 	152000 	0.01000 	 NA 	 _ NN~ 	NA 

4-met}iylphenol --- 	 ~ 	71.452 	 0.660 - 	--- 	NA - 	- -- NA 	~,-- 	NA - 1~ -- 	0.01000 	-- 	NA  	NA 	

NA 	_- 3 mUh 1 henol 	 NA 	 0 660 	 NA 	 NA 	~ 	NA 	NA 	 10.01000 	 NA 	 NA 	I 

NA
_ 	 .. - 	

.. 

	

____... 	, 	 __. . 	 _   2 chlorophenol 	 I 945 	 0.660 	19.6 	76,5 	 32 	0.15200 	0.01000 	~ 	 5 	I 	106 	 443 
 --- 	 . 	_.. 2,4 dichlmophenol4 	 2.528  	0.660 	... - 	NA 	 NA 	NA 	0.09120 	0.01000 	NA 	~i  	NA 	 NA 

mchlrnophenol 	 921 059 	0.660 	 NA 	 NA 	 NA 	3.04000 	~ 0.01000 	 NA ~NA 	 NA 
__ 	__. 	 _. - 	 -__   2,4,Gtnchloioplrenol4 	 0660 	 0.660 	 NA 	 NA 	 NA 	001000 	Ii 0.01000 	 NA 	 NA 	~ 	NA 

._-_ 	 --_. 	_-_   pentachlorophenol 	 24.947 	 3300 	 5 	 913 	- 	12.2 	0.00100 	0.05000 	 5 _ 	135 	 29.2 
._._- 	_ 	_-_    _ 2,4-dinitrophenol 	 3.300 	 '3.300 	NA 	 NA 	 NA 	I0.06080 	~ 0.05000 	 NA 	 NA 	 NA 

_-- _-_ 	 .__. 	 --_ 	_   brs(2 ethylhexyl)phthalate4 	16.427 	 0 660 	 NA 	 NA 	~ 	NA 	0 00600 	0 07000 	 NA ~ 	 NA 	 NA 
- 	_- 	 _- 	 -__ 	 _- butylbenzylphthalate _ 	

10,000.000 	0 660 	 NA 	 NA 	 NA 	1 0 10000 	0 07000 	 NA 	 NA 	 NA - 
	 _ . d i  n bu tylph[halate4 	 1,034.967 	0660 	 NA 	NA 	NA 	~1 0.60800 	001000 	NA 	 NA 	 NA  

dijirylphthalate 	 10,000.000 	0.660 	 NA 	 NA 	~, 	NA 	124.32000 	.0.01000 	~ 	NA 	~ 	NA 	 NA .. 	_ 	___._.  	0.6 

	

-_ 	 .... 	 I 	 .  ._._ 	 ___._  de methyl phthalate 	 IO,OOQ000 	60 	 NA 	I 	NA 	 NA 	l04 00000 	0 01000 	 NA 	 NA 	 NA 
di n-octyl ph[halate 	 . 	 2,318 850 	0.660 	 NA 	~ 	NA 	 NA 	10.60800 	0.01000 	T 	NA 	'~, 	NA 	 NA 

 VolatileOrganicCompounds  

I  	32 .-_ 	0.00500_ . 	000500 	- 	606 	.-_,- - 0 	 23.7 enzene 	 0 059 0.005 	 54.3 	 134 	i 
toluene 	 278926 	(L005 	 45.3 	I 	147 	i 	447 	1.00000 	000500 	 697 	 130 	II 	25.4 ... __ 	

_ 	_..  	_ 	-  

~
ethylbenzene  834 372  0.005 33 161 70.9 0 70000 10.00500 60 6 ~ 144 25.2 

>  _._ 1
0.129 0 010 21 5 ' NA 10 00000 0 00500 NA ~ NA NA 

-  49 3 0 00200 IO 07000 33 151  31.2 

xylenes 	 1,000 000 	0 00~ 	 NA 	 NA 

chlo ~ oethane y 	 -_-- 	 ~~ 	1,000 000 	0.010 	 0 ~~ 	
- 	

174 	

II 	45  	23.16075 	0.01000 	 0 	~ 	 357 	 29.3 439 

.. _ 	
_ I 
	 ...- 

 

vm ~ 1 chloitde 	 i 

1,1 dichlrnoeth lene 	 ~~ 0.084 	 ~ 0.005 	 40.5 	~ 	140 	I 	364 	~0.00700 	I0.00500 	 50.1 	I 	125 	 31  

I 

   1,1-d ichloioethanc  	40074 	0.005 	 60.5 	 134 	 24.1 	1 064000 	1 000500 	 68 	 119 	142 
_- 	 - 1 2 drelrlaoethylene (cis) 	 17 140 	0,005 	 NA 	NA 	 NA 	0 07000 	1 0 00500 	 NA 	I 	NA 	 NA 

	

_ 	_- 	 _ -- 	 _ 	 _. 	-. 	__ 	.. _.. 1 2 drelrloroelhane 	 0 025 	 0 005 	 55 9 	 149 	 41 2 	0 00500 	~ 0 00500 	 67 7 	~ 	 133 	 23 3 
tlnchloroethylene 

 

0,076 	 0.005 	 41.8 	 145 	 35.3 	0,00500 	~ 0 00500 	 48 6 	 139 	 26,9 
- I,1,1-ttichloroethane 	 229642 	O.00S 	 51.5 	 ~ 149 	 24.4 	0.20000 	0.00500 	~ 	 63 	 136 	~ 	 29 

_._. 	 . . __ 	 _ _- - _ 	 _  1,1,2-tricl9oroethane 	 0.035 	 0.005 	~ 	 49.2 	~ 	147 	~~~. 	34.4 	0.00500 	0.00500 	I 	40.6 	 165 	'~~ 	 25.9  
 _   _  	-  	__.  	__ tehachlo  roethylene  	0   227   ~~  	'0.005 	 51 8 	 139 	~ 	 29.1 	0 00500 	0 	 60, 1 	 144 	' 	29 7 

_ 	 .-_  	 I _- 	 .__ 	- 	 •__ 

	

._. 	 _  111,2-tebaehlo ~ oethane 	 0076 	0005 	 NA 	 NA 	 NA~000500 	0_00500 	.. I 	NA 	 NA 	. 	NA  _ - 	
._ 	i 	 ._._- 1 1,2,2-tehachloroethane 	 E0044 	0.005 	249 	~I 	201 	85.2 	0.00500 	10.00500 	~ 	 46.8 	~ 	 168 	, 	22.3  

! chl  mrofmm  	I2.082 	 ~~.2005 	 I 	59.8 	 I 	126 	 22.1 	i0.I0000 	10.00500 	I~ 	71.2 	 120 	 25  
acetone --  	--- 	 ~~~-- 	I22.793 	 0100 	 i 	NA - 	' 	N.A  	NA ~ 	304000 	1 0.10000 	 - 	NA 	- ~ 	 NA 	~ 	NA _. 	_ 	.... 	... 	..... 	 -_..__.. 	. 	. 	_...... 	 .. 	.. 	... 	. 	. 	_.... 	, 	. 	... 	_. 	. 	.__ 	.. 	_.. 	. 	.  . 	. .__._._.... .. 



Pesticides 

Aldnn _ ~0 007 0 003 34 132 43  0.00004 0.00004  120 22 40 
amma-BHC Lmdane g 	 ( 	~ )   0010 I  0006 4~ 127 00  0.00020  0.00009 56 ._. 123 15 	- 

chlordane ~ 4 512 10,009 NA NA  NA 0 00200 0.00014 NA NA NA _. 
DDD   0.270 iO,007 NA NA __. NA 0.00035  U0011 NA 

~ 

  NA  NA 
DDE   	- 0450  .0.003 NA NA NA .  000025 	- 0.00004 NA   NA 	i NA 

— I DDT .0.794 — NA NA NA 000025 000012 NA   NA 	'~ - 	NA  

IIiCKCI 

selenium   

vanadium 

~ 1.939 	~ 	 0.004 	 42 	 139 	

~ 	

38 	~ 000002 	 000002 	 ~ 	 52 	 126 	 18 
~ .  NA 	10 00152 	0.00066 	 . NA 	 ~ NA 	 NA 

0 003 	10.001 	 31 	 134 	~ 

2 007 	 0 044 	 NA 	 NA 	I  

	

I 	 45 	0 00200 	0.00006 	 56 	 121 	21 .. _ 

~0 450 	.. 	~0_056 	_ -- Ili 	NA ~ 	~ NA 	 ~~~ 	

3 1 

	

A ~ 	0,00020 ~ 	 0.00083 	~ 	 NA ~ ~ 	 ~ NA 	 I~, 	NA 	~ ~ ~ ~ ~ 

— 

4226 	- ~~--- 0_044 	_.. 	70 .__ 	~ - ~~- 130 	~, 	NA 	0.00050 	~; 0.00065 	i 	 70 -- ~~ 	I 	130 	I 	NA 

-~.— 	._.. 
_. _ 	 0.00300 	 75 	 ~ 125 	~ 	 20 

70._. 
	_  

NA 	 ~ OS00 	 70 	I 	130 	I 	20 	~ NA 

730 000 	 i0.500 	 130 	 20 	~ 	 000500 	I 0.00500 	 75 ~ 	 ~ 125 	 20 
__ 7,300 000 	1.000 	70 	130 	20 	~ 	0.15200 	~ 0.01000 	75 ~ 	 ~ 125 	20  

87600 	 0100 	 70 	 . 130 __I-- 	20 	~ 	 OOO200 	 0.00020 	 ~ 	 75 ~ 	 125 	 20-- ~ 

7,300 000 	1 MO 	 70 	 130 ~ 	 20 	i0 10000 	0.01000 	 75 	 125 	~ 	 20 I 

i000 

10,000000 	
i 	 70 	 130 	i 	20 	010000 ~ 	 007000 	 75 	 125 	 20 

- . 
  

10 ,000A00 	

120.000 	I 	70 	13 0 	 zo 	2.00000 	lo z0000 	 75 	 izs 	 zo — 
~ 438 000 	 1.000 	 70 	i 	130 	. 	20 	.005000 ~ 	 ,0.01000 	 75 	 125 	' 	 20 

10,000 000 	

16.00O 	 ~ ' 	70 	 130 	 20 	0 00600 	 0.06000 	 75 	 ~ 125 	~ 	 20 
___ 	

_.I 
I 

 

18.605 	 0.500 	 i 	70 	130 	 20 	0 00400 	 0.00500 	 75 	 ~ 125 	I ~ 	 20~  .. 	 ... 	 - 	 . 	_ 	 _ 	 _-_  0125 	 7p ~ 	 130 	 20 	020000 	 001000 	. 	I 	75 	 I25 	'I_... 	20 . 	 . _ 	 _- . 	 - 	 _ 
. 	I10,000 000 	T4 000 	 70 	 L30 	~ 	 20 	0 10oo0 	 0 04000 	 75 125 	II 	 20 

I 
I 7 300.000  ,00 0 500 	 70 ~ 	 ~ 130 	 20 	~ 	 0 05000 	 0 5 00 	 75 ~ 	 125 	i 	 20 ~ 

~ 	 10,000 000 	5.000 	 70 	 130 	 20 	~ 	 0,21280 	 0 05000 	75 ~ 	 I, 	125 	, 	 20 ~ _ 	..._. 	 ~~ 	

9J 20 130 I2_000 	 70 
	

2000 
_— 	 _ 	 _ 	 ......... 

10,000.000 	 ~ 	 ~. 	 i 	 QO2000 	~ 	 75~ ~ 	 ~ 125 	~ 	20 ~ 

~ ondosulfan sulfate 

len dnn 

heptachlor 

heptachloi epoxide 	..__ 

PCBs 

PCBs (Aroclor 1016) 

V1eta15 

lead 

cadmium 	~ 

silver ~ 

niel cury 

chromium vi 

II  chrommm m  

bauum .. .. . 

I4  a senic 

Footnotes-  

1- Tier 11 screening levels por subsurface soil are taken fi'oin Indiana Deparlmenl of Bnvironmental Management, Suminary of Health-Based Criteria for Subsurface Soils (Nonresidential Lnd-( Jse Scenaiio), in the Resource Guide forthe Indiana Voluntary Remed 



Constituent 	 I 	 Subsurface Soil (L) Resident9al 
	

Groundwater(2) Residential 

I-Screening Level I 	PQL(3) 	I 	 Accwacy (4) 	 Premsion (4) I Sarzning I 

LCL 	 UCL 	 RPD 

i 	(mgA(g) 	(mg/kg) 	 ^/o 	 % 	I 	% 	(mgA) 

PQL(3) 	 Accmzcy (5) 	 PAecision (5) 	. 

I 	I,CL, 	I 	UCL 	 RPD 	i  

% 	1_ 	_ _ / 	 / 	li  

2- Tier II screening levels for groundwater are taken from Lidiana Department of Environinental Management, Summary of Health-Based Criteria for groundwater (Non-residential Land-use Scenario), In the Resource Guide for the lndiana Voluntary Remediation 

3- PQL - Practical Quantitation Litnit, based on LPA Sw-846, 1986 fm GC/MS. 

4- Comnpounds are not spilced in Method 8270. 
NA-Not Applicable 



ELEMENT 	AQUEOUS 
	

SOLID 
MDL, mg/I 
	

MDL, mg/kg 
As (ICP) 0.035 
As (GFAA) 0.005 
Ba (ICP) 0.001 
Cd (ICP) 0.002 
Cd (GFAA) 0.00003 
Cr (ICP) 0.003 
Pb (ICP) 0.0025 
Pb (GFAA) 0.002 
Se (ICP) 0.036 
Se (GFAA) 0.002 
Ag (ICP) 0.003 
Hg (CVAA) 0.00003 

3.5 
0.5 
0.1 
0.2 

0.003 
0.3 

0.2 
0.2 
3.6 
0.2 
0.3 

0.003 
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Constitnent Subsurface roundwater(2 

Sereening 

(nig/kg) 

PQL(3) 

(nig/kg) 

Accuracy (4) Preeision (4) Screening 

(mg/I) 

LCL 

% 

UCL 

% 

RPD 

% 

naphthalene 10,000.00 0.66 NA NA NA 4.088 

acenaphthylene NA 0.66 NA NA NA NA 

acenaphthene 10,000.00 0.66 31 78.8 24.5 6.132 

fluorene 10,000.00 0.66 NA NA NA 4.088 

phenanthrene NA 0.66 NA NA NA NA 

anthracene 10,000.00 0.66 NA NA NA 30.66 

fluoranthene 10,000.00 0.66 NA NA NA 0.8176 

pyrene 10,000.00 0.66 26.2 87.8 21.4 1066 

benzo(a)anthracene* 103.88 0.66 NA NA NA 0.01 

chrysene* 10,000.00 Q66 NA NA NA 0.3918 

benzo(b)fluoanthene* 354.98 0.66 NA NA NA 0.01 

benzo(<)fluoranthene* 3,759.12 0.66 NA NA NA 0.0392 

benzo(a)pyrene 69.85 0.66 NA NA NA 0.01 

indeno(1,2,3-cd)pyrcne* 629.17 0.66 NA NA NA 0.01 

dibenzo(a,h)anthracene* 69.86 0.66 NA NA NA 0.01 

bcnzo(g,h,i)perylene NA 0.66 NA NA NA NA 

3,3'<lichlorobenzidine 12.86 1.3 NA NA NA 0.02 

n-nitroso-di-n-propylamine 0.66 0.66 30.7 90 34 0.01 

bis(2-chloroisopropyl)ether 1.32 0.66 NA NA NA 0.0409 

4-cbloroaniline 1,117.69 1.3 NA NA NA 0.4088 

2-chloronaphthalene 10,000.00 0.66 NA NA NA 8.176 

2,4-dinitrotoluene 39.07 0.66 28.6 80 12.5 0.2044 

hexachlorobutadiene 31.18 0.66 NA NA NA 0.0367 

hexachlorocthane 3.31 0.66 NA NA NA 0.0204 

isophorone 256.03 0.66 NA NA NA 3.0105 

benzyl alcohol 4,356.75 1.3 NA NA NA 30.66 

bis(2-chloroethyl)ether 0.66 0.66 NA NA NA 0.01 

nitrobenzene 1.73 0.66 NA NA NA 0.0511 

1,2-dichlorobenzene 10,000.00 0.66 NA NA NA 9.198 

1,3-dichlorobenzzne NA 0.66 NA NA NA NA 

1,4-dichlorobenzene 34.67 0.66 27.8 73.3 31.1 0.1192 

1,2,4-trich10roben7ene 1,405.37 0.66 26.4 74.6 34.6 1.022 

hexachlorobenzene 301.56 Q66 NA NA NA 0.01 

hexachlorocyclopentadiene 2.89 0.66 NA NA NA 0.7154 

n-nitrosodiphenylamine 567.8 0.66 NA NA NA 0.5837 

benzoic acid 10,000.()0 33 NA NA NA 408.8 

2-nitroaniline 3.3 33 NA NA NA 0.05 

phcnol 658.78 0.66 28.1 77 31.4 12.264 

2-methylphenol 375.93 0.66 NA NA NA 5.11 

3-methylphenol NA 0.66 NA NA NA NA 

4-methylphenol 427.24 0.66 NA NA NA 5.11 



PQL(3) 

(mg/1) 

Accuracy (5) Precision (5) 

LCL 

% 

UCL 

"/o 

RPD 

% 

0.01 NA NA NA 

0.01 NA NA NA 

0.01 28.6 88.6 41..3 

0.01 NA NA NA 

0.01 NA NA NA 

0.01 NA NA NA 

10.01 NA NA A?4 

0.01 25.3 ] 03 37.7 

0.01 NA NA NA 

0.01 NA NA NA 

0.01 NA NA NA 

0.01 NA NA NA 

0.01 NA NA NA 

0.01 NA NA NA 

0.01 NA NA NA 

0.01 NA NA NA 

0.02 NA NA NA 

0.01 15.9 119 42.7 

0.01 NA NA NA  

0.02 NA NA NA 	 - 

~ 0.01 NA NA NA 

0.01 23.5 95.4 36.5 	. 

0.01 NA NA NA 

0.01 NA NA NA 

0.01 NA NA NA 

0.02 NA NA NA 

2U1 NA NA NA 

]0.01 NA NA NA 

0.01 NA NA NA 

0.01 NA NA NA 

0.01 20.6 82 39.7 

0.01 19.7 80.9 44.8 

0.01 NA NA NA 

[0.01 NA NA NA 

10.01 NA NA NA 

1.0.05 NA NA NA 

10.05 NA NA NA 

0.01 5 46.7 	. 70.4 

0.01 NA NA NA 

0.01 NA NA NA 

0.01 NA NA NA 



2-chlorophenol 11.63 0.66 29.4 75.7 32 0.511 
2,41ichlorophenol 15.12 0.66 NA NA NA 0.3066 

2,4,5-trichlorophenol 5,507.44 0.66 NA NA NA 10.22 
2,4,6-trich loroph en ol 30.65 0.66 NA NA NA 0.26 
pentachlorophenol 24.95 3.3 5 106 12.2 0.05 
2,4-dinitropheno1 7.37 33 NA NA NA 0.2044 

bis(2-ethylhexyl)phthalate 1,406.25 0.66 NA NA NA 0.2043 
butylbenzylphthalate 10,000.00 0.66 NA NA NA  20.44 

di-n-butylphthalate 6,188.56 0.66 NA NA NA 2.044 
diethylphthalate 10,000.00 0.66 NA NA NA 81.76 

de methyl phtlialate 10,000.00 0.66 NA NA NA 1022 
di-n-octyl phthalate 10,000.00 0.66 NA NA NA 2.044 

benzcnc 4.77 0.005 85.8 120 32 0.0986 
tolaene 1,000.00 0.005 80.1 126 44.7 20.44 

ethylbenzene 1,000.00 0.005 83.8 129 70.9 10.22 

xylenes 1,000.00 0.005 NA NA NA 204.4 

vinyl chloride 0.13 0.01 72.2 131 493 0.01 

chloroethane 1,000.00 0.01 82.6 129 45 NA 
1,1-dichloroethylenc 0.08 0.005 72.8 126 36.4 0.007 

1,1-dichloroethane 1,000.00 0.005 86.3 110 24.1 10.22 

1,2-dichloroethylene(cis) 102.49 0.005 NA NA NA 1.022 

1,2-dichloroethane 037 0.005 70.7 139 41.2 0.0314 

trichloroethylene 25.73 0.005 82.6 116 35.3 026 

1,1,1-trichloroethane 1,000.00 0.005 86.2 124 24.4 9.198 
1,1,2-trichloroethane 1.05 0.005 72 137 34.4 0.0502 

tetrachloroethylene 8.01 0.005 80 128 29.1 0.0561 

1,1,1,2-tetrachloroethane 7.24 0.005 NA NA NA 0.11 

1,1,2,2-tetrachloroethane 0.21 0.005 77.1 145 85.2 0.0143 

chloroforni 2033 OA05 85.3 114 22.1 0.4689  

acetone 136.29 0.1 NA NA NA 10.22 

4-methyl-2-pentanone 407.48 0.05 NA NA NA 5.11 

methyl ethyl ketone 146.24 0.1 NA NA NA 5.11 
Aldrin 0.06 0.003 50 150 30 0.0002 

gamma-BHC (Lindane) 0.34 0.006 50 150 30 0.0022 
chlordane 4.51 0.009 NA NA NA 0.002 

DDD 4834 0.007 50 150 30 0.0119 

DDE 80.49 0.003 50 150 30 0.0084 

DDT 141.83 0.008 50 150 30 0.0084 

dieldrin 0.06 0.001 50 150 30 0.0002 

endosulfari sulfate 12 0.044 50 150 30 0.0051 

endrin 10.12 0.004 50 150 30 0.0061 

heptachlor 0.44 0.002 50 150 30 0.0006 
heptachlor epoxide 0.45 0.056 50 150 30 0.0008 

PCBs(Aroc1or1016) 4.23 0.044 5L7 133 60.3 0.0007 
Icad NA 0.5 NA NA NA NA 

cadmium 730 0.5 NA NA NA 0.0511 

silver 7,300.00 1 NA NA NA 0.511 

mercurv 87.6 0.1 NA NA NA 0.0061 
chromium vi 7.300.00 1 8o 120 20 0.511 

chrmnium iii 10,000.0() 1 NA NA NA 102.2 

barium 10,000.00 20 NA NA NA 7.154 



arsenic 438 ] NA NA NA 0.05 

antimony 	 . 584 6 NA NA NA 0.06 

beryllium 118.6 0.5 NA NA NA OA05 

cyanide IO,OOOAO 0.125 NA NA  NA 2.044 

nickel 10,000.00 4 NA NA NA 2.044 

selenium 7,300.00 0.5 NA NA NA 0.511 

vanadium 10,000.00 5 NA NA NA 0.7154 

zinc 10,000.00 2 NA NA NA 30.66 

Footnotes: 

1. Data Quatity Objectives for 

2. Data Quality Objectives for 

3. PQL - Practical Quantitation Limit, based on EPA S W-846, 1986 for GGMS. 

4. Subject to change based on eurrent laboratory in-hottse acceptance limits. 

5. Subject to change based on vendor supplied acceptance limits for a solid matrix standard. 

NA- Not Available since organic 	 . 



0.01 31,3 81.3 44.3 

0.01 NA NA NA 

- 0.01 NA NA NA 

0.01 NA NA NA 

0.05 5 114 29.2 

0.05 NA NA NA 

0.01 NA NA NA 

~ 0.01 NA NA NA 

0.01 NA NA NA  

0.01 NA NA NA 

0.01 NA NA NA  

0.01 NA NA NA 

0.005 74.1 119 23.7 

0.005 79.6 122 25.4 

; 0.005 71.2 140 25.2 

0.005 NA NA NA 

ODl 37.2 152 31.2 

0.01 5 347 29.3 

0.005 56.6 124 31 

0.005 64.3 124 14.2 

0.005 NA NA NA 

0.005 73.3 126 23.3 

Q005 70.7 127 26.9 

0.005 72.1 129 29 

0.005 75.6 123 25.9 

0.005 71.7 139 29.7 

0.005 NA NA NA 

0.005 	• 54.8 144. 27.3 

0.005 75.8 116 25 

0.1 NA NA NA 

0.05 NA NA NA 

0.1 NA NA NA 

0.00004 50 150 30 

0.00009 50 150 30 

0A0014 NA NA NA 

0.00011 50 150 30 

0.00004 50 I50 30 

0.00012 50 150 30 

~ 0.00002 50 I50 30 

0.00066 50 150 30 

0.00006 50 150 30 

0.00003 50 150 30  

0.00083 50 150 30 

0.00065 30.7 153 30 

:0.003  80 120 20 

i0.005 80 120 20 

0.01 85 115 20 
Q0002 85 115 20 

0.01 90 110 20 
0.01 NA NA NA 

0.2  8 5 115 20 



0.01 80 120 20 
0.06 80 1 20 20 

0.005 88 115 20 

.0.01 90 110 20 

~ 0.04 85 115 20 

0.005 80 120 20 

0.05 85 115 20 
0.02 85 115 20 



A 	 ~ 

Subsur(aceSoiltrlNonresidential 	 Groundwaterpl Nonresidential 

Constituenl 
, 	 . 	Scteening 	PQL~I 	Accuracy t°7 	Precision t°l 	Screening 	PQLpI 	Accutacy t5l 	Preclsion t'1  

 Level 	 LCL 	UCL 	RPD 	Level 	 LCL 	UCL 	RPD 
 m 	 m 	 % 	 % 	% 	m 	 m 	 % 	 % 	 % 

naphthalene 10,000.00 0.66 NA NA NA 4.088 0.01 NA NA NA 

acenaphthyleve NA 0.66 NA NA NA NA 0.01 NA NA NA 

acenaphthene 10,000.00 0.66 31 78.8 24.5 6.132 0.01 28.6 88.6 41.3 
fluotene 10,000.00 0.66 NA NA NA 4.088 0.01 NA NA NA 

phenanthrene NA 0.66 NA NA NA NA 0.01 NA NA NA 

anthracene 10,000.00 0.66 NA NA NA 30.66 0.01 NA. NA NA 

fluotanthene 10,000.00 0.66 	INA NA NA 0.8176 0.01 NA NA NA 

pynme 10,000.00 0.66 	126.2 87.8 21.4 3.066 0.01 25.3 103 	137.7 

benzo(a)anthracene' 103.88 0.66 NA NA NA 0.01 0.01 NA NA NA 

chrysene* 10,000.00 0.66 NA NA NA 0.3918 0.01 NA NA NA 

ben¢o(b)fluoanthene' 354.98 0.66 NA NA NA 0.01 0.01 NA NA NA 

benzo(k)fluoranthene" 3,759.12 0.66 NA NA NA 0.0392 0.01 NA NA NA 

benzo(a)pyrene 69.85 0.66 NA NA NA 0.01 0.01 NA NA NA 

indeno(1,2,3-ed)pyrene' 629.17 0.66 NA NA NA 0.01 0.01 NA NA NA 
dibenzo(a,h)anthmcene' 69.86 0.66 NA NA NA 0,01  0.01 NA NA NA 

benzo(g,h,i)perylene NA 0.66 NA NA NA NA 0.01 NA NA NA 

3,3'-dichlorobenzidine 12.86 1.3 NA NA NA 0.02 0.02 NA NA NA 

n-nitrosodi-n-propylamine 0.66 0.66 30.7 90 34 0.01 0.01 15.9 119 42.7 
bis(2-chloroisapropyl)ether 1.32 0.66 NA NA NA 0.0409 0.01 NA NA NA 
4-chloroaniline 1,117.69 L3 NA NA 	INA IOA088 0.02 NA NA NA 
2-chloronaphthalene 10 000.00 0.66 NA NA NA 8.176 0.01 NA NA NA 

2,4-dinitrotoluene 39.07 0.66 28.6 80 115 0.2044 0.01 235 95.4 36.5 
hexachlorobutadiene 31.18 0.66 NA NA NA 0.0367 0.01 NA NA NA 

hexachlorcethane 3.31 0.66 NA NA NA 0.0204 0.01 NA NA NA 

isophorone 256.03 0.66 NA NA NA 10105 0.01 NA NA NA 

benryl alcohol 4,356.75 1.3 NA NA NA 30.66 0.02 INA NA NA 

bis(2-chloroethyl)ether 0.66 0.66 NA NA NA 0.01 0.01 NA NA NA 

nitrobenzene 1.73 0.66 NA NA NA 0.0511 0.01 NA NA NA 

12-dichlorobenzene 10,000.00 0.66 NA NA NA 9.198 0.01 NA NA NA 

1,3-dichlorobenzene NA 0.66 NA NA INA INA 0.01 NA NA NA 

1,4-dichlorobenzene 34.67 0.66 27.8 733 31I 0.1192 0.01 20.6 82 39.7 

1,2,4-trichlorobenzene 1,405.37 0,66 26.4 74.6 34.6 7 022 0.01 19.7 80.9 44.8 

hexachlorobenzene 101.56 0.66 NA NA NA 0.01 0.01 NA NA NA 

hexaclJorocyelopantadiene 2.89 0.66 NA NA NA 0.7154 001 NA NA NA 

n-nitrosodiphenylamine 567.8 0.66 NA NA NA 0.5837 0.01 - NA NA NA 

benzoicacid 10,000.00 NA NA 408.8 0.05 NA NA NA 

2-nitroaniline 	~ 3.3 NA NA NA 0.05 0.05 NA NA NA 

phenol 658.78 28.1 77 31.4 12.264 0.01 5 46.7 70.4 

2-methylphenol 375.93 NA NA NA 5.11 0.01 NA NA NA 

3-methylphenol NA 

F3.3 NA  

NA NA NA NA 0.01 NA NA NA 

4-methylphenol 427.24 NA NA NA 5.11 0.01 NA NA NA 

2-chlorophenol 11.63 29.4 757 ~ 32 0.511 0.01 31.3 81.3 443 

2,4-dichlorophenol 15.12 NA NA NA 0.3066 0.01 NA N.A NA 

2,4,5-trichlorophenol 5,507.44 NA NA NA 10.22 0.01 NA NA NA 

2,4,6-trichlorophenol 30.65 0.66 NA NA NA 0.26 0.01 INA NA NA 

pentachlorophenol 24.95 113 15 106 12.2 0.05 0.05 15 114 29.2 

2,4-dinitrophenol 7.37 33 NA NA NA 0.2044 005 NA NA NA 

bis(2-ethylhexyl)phtha1ate 1,406.25 066 NA NA NA 0.2043 NA NA NA 

butylbevzylphthalate ]0,000.00 0.66 NA NA NA 2Q.44 N.A NA NA 

di-n-butylphthalate 6,18856 0.66 NA NA NA 2.044 NA NA NA 

diethrlpbthalate 10,000.00 ~ 0.6 6 I NA NA NA 8176 NA ~ NA NA 

~ tiemcthvlphihalatc  000.00 1066 'NA WA NA 1022 

v 

N: i NA NA 

di-o-octylphtLalate OOOAO 
L47' 

0.66 ~ 5A NA NA 2044 NA NA NA 

 benzenc ~ 7 0005 85.8 120 3: 0.0986 7-l.l  1 19  23.7 

.. tolucne 1,000.00 0.005 80.1 126 44 7 2044 79_6 133 25.4 



- 	Coostituent 

Subsurface Soil ttl  Nonresidentisl Grouudwaterol  Nonresideutial 

Screenin8 
Level 

m 

PQLPI  

m 

AcourncY/sl Precision tat  Screenin8 
Level 

m 

PQLOt  

m 

Awureoy t~ Preeision tst  

LCL 
% 

UCL 

% 

RPD 

% 

LCL 
% 

UCL 
% 

RPD 
% 

ethylbenzene 1,000.00 0.005 83.8 129 70.9 10.22 0.005 71.2 140 25.2 

xylenes 1,000.00 0.005 NA NA NA 204.4 0.005 NA NA NA 

vinvl chloride 0.13 	10.01 172.2 1131 1493 0.01 	10.01 137.2 1152 312 

).005 56.6 	1124 31 

).005 64.3 124 14.2 

).005 NA NA NA 
1005 73.3 126 23.3 

1005 70.7 127 26.9 

0.005 72.1 129 29 

0.005 75.6 123 25.9 

0.005 71.7 139 29.7 

0.005 NA NA NA 
0.005 	154.8 144 27.3 

0.005 75.8 116 25 

0.1 NA NA NA 
0.05 NA NA NA 

0.1 NA NA NA 
0.00004 50 150 30 

0.00009 50 150 30 

0.00014 NA NA NA 
0.00011 50 150 30 

0.00004 50 150 30 

0.00012 50 150 30 

0.00002 50 150 30 

0.00066 50 150 30 

0.00006 50 150 30 

0.00003 50 150 30 

000083 50 150 30 

0.00065 30.7 153 30 

A.003 80 120 20 

0.005 80 120 20 

10.22  
1.022 

139 

6 	116 

1.05 

1,1,2,2-tetrachloroethane 021 	10.005 77-I 145 85-2 0.0143 

chloroform 20.33 	10.005 85.3 114 22.1 0.4689 

aoetone 13629 0.1 NA NA NA 1022 

4-methyl-2-pentanone 407.48 0.05 NA NA NA 5.11 

tnethyl ethyl ketone 14624 0.1 NA NA NA 5.11 

'  Aldrin 0.06 0.003 50 150 30 0.0002 

' gamma-BHC (Lindane) 0.34 0.006 50 I50 30 0.0022 

chlordane 4.51 0.009 NA NA NA 0.002 

DDD 48.34 0.007 50 150 30 0.0119 

*: DDE 8049 0.003 50 150 30 0.0084 

' DDT 141.83 0.008 50 150 30 0.0084 

dieldrin 0.06 0.001 50 150 30 0.0002 

endosulfan sulfate 12 0.044 50 150 30 0.0051 

endrin 10.12 0.004 50 150 30 0.0061 

heptachlor 0.44 0.002 50 150 30 0.0006 

.  heptachlorepoxide 0.45 0.056 50 -  150 30 0.0008 

-~ -PCBs(Aroc1or1016) 423 0.044 517 133 603 0.0007 

. lead NA 0.5 NA NA NA NA 

  ' cadmium 730 0.5 NA NA NA 0.0511 

silver 7,300.00 1 NA NA NA 0.511 

memury 87.6 0.1 INA NA NA 0.0061 

chromiumvi 7,300.00 1 180 120 20 0.511 

. chromium iii 10,000.00 1 INA NA NA 102.2 

barium 	 10,000.00 20 	~ NA 	

AMA N

12Q044

.154 	0.2 	 85 	 115 	20 

arsenic 	 438 	1 	 NA 	 .05 	0.01 	80 	 120 	20 

antimony 	 584 	6 	NA 	 .06 	0.06 	80 	120 	20 

beryllium 	 118.6 	0.5 	NA 	 .005 	0.005 	88 	115 	20 

cyanide 	 10,000.00 	0.125 	NA 	0.01 	90 	 110 	20 

nickel 	 10,000.00 	4 	NA 	 044 	004 	85 	115 	20 

selenium 	 730000 	0.5 	 NA 	 .511 	0.005 	80 	 120 	20 

adium 	 10.000.00 	5 	 NA 	 .7154 	0.05 	85 	 I15 	20 

zinc 	 10,000.00 	2 	NA 	 066 	0.02 	85 	115 	20 	- 

 Footnotes:  
1. Data Quslity Objectives for subsurfece soil are taken from indian Departmcnt ofEnvironmetal Management, Summary of Iiealth-Besed Criteria for Subsurfece Solls (Nonresidential 

 Land-Use Scevario), in thc Rcsource Guide for the Indiana Voluntary Rcmediation PmBmm, APpendix F, Table 10 (July 1996). 
2_ D.I. Qual ity Objcctives for subsur(¢ee soil are takcn from I ndian Dpartment of Environmetal Menagerncnt, Summary of He-elth-Batcd Criteria for Subsurface Soil s(Nonresidential 

I). . ec Sccnario), in thc I.;ourcc Cu dc lor tli..l P cian= \ 0 1 	' R_ined ~ tion Pro3rnm, Aplxndls 1 2, Tabb~ 10 (July 1996)_ 

Prc'nlQuamitaiionLimil,bascc 	~ I 	,..-_- ISSforGGb15. 

4_ Suhjstiochaugchasedoneurrcntleboratoryirohoaceaceeearcaliinits_ 
5. Subject to ehange based on vendor suppliul accepwnce liinia rore solid matris suendard_ 
NA-NotAppliczblesineeorganieeo2stituartsarespikedandeontrolled. Listofepikedeonstituentsaredefnedinmethod,howevec,tliespikelistissubjecttochange- 



i) .V" The f 

,"✓ ~ 	Standard operating procedures for the prep 
and extracts for total or dissolved metals 
Atomic Absorption Spectroscopy 

a 

ration of aqueous samples  
analysis by Graphite Furnace  

Standard operating procedures for atomic absorption analysis of cadmium 	 _.... 
for aqueous samples  

.3 	Table 3-1 of the sampling plan needs to reflect that the list of 
*.._........ PAHs 

below will be analyzed for by Method 8270 in soils, and by Method 
8310 
for waters. 

SOPS requested are Attached for your review: 

Jan 

The following is in response to your last e-mail. In addition I, have 
attached an updated version of table 1 7 2. 	If you have any question, 
please let me know. 

Thanks, 
Rick Spitaler 

1 	Regarding the analyses for the metals, I'm still not clear about 
what 
list of inetals you'11 be looking for. The sampling plan (Table 3-2) 
identifies the 8 RCRA metals (As, Ba, Cd, Cr, Pb, Hg, Se and Ag); 
however, the reply below includes some additional metals (such as Sb, 
Ni, V and Zn). 	The metals list needs to be resolved and corrected 
such that it's clear what will be analyzed for. 

The sampling plan is correct in indicating only the 8 RCRA metals. The 
lab inadvertently included Sb, Ni, V and Zn in their response and I 
ended up passing on the information. These metals should not have been 
included. 

2 	Based on the reply below, we are still missing the 1) lab SOPs 
for the 
GFAA sample prep for water water samples, and the 2) 1ab SOP for GFAA 
of Cdin waters. 

Table 3-1 has been updated and is included as an attachment 

4 	You may want to itemize the list of analytes that are required 
and 
attach this list to the sampling plan , similar to what you have 
below. 
You may want to do the same for the VOC compounds, so that it's clear 
whether you're going to look for the entire list of vOCs in Table 1-2 
or 
some sub-set. 

Attached is a list of analytes provided by Sima 

5 Does the lab have a list of soil MDLS for the metals? 	,--;1i 

Sima Labs provided the following response to your request. 

Here is the MDL data. The MDLs are per.for.med in water (thereby 
explaining the mg/1 units). A"typical" preparation factor for soil 



samples is 100 (lg sample digested and diluted to a. final volume of 
100m1). The aqueous MDL is multiplied by this preparation factor to 
estimate the MDL for a solid matrix. Please realize that SIMALABS 
International does not encourage reporting data down to the MDL, as 
the 
probability for Palse biased data is considered too great. 

ELEMENT AQUEOUS SOLID 
MDL, mg/1 MDL, mg/kg 

As (ICP) 0.035 3.5 
As (GFAA) 0.005 0.5 
Ba (ICP). 0.001 0.1 
Cd (ICP) 0.002 0.2 
Cd (GFAA) 0.00003 0.003 
Cr (ICP) 0.003 0.3 
Pb (ICP) 0.0025 0.2 
Pb (GFAA) 0.002 0.2 
Se (ICP) 0.036 3.6 
Se (GFAA) 0.002 0.2 
Ag (ICP) 0.003 0.3 
Hg (CVAA) 0.00003 0.003 

~ ~ M 
8260_8270Cmpds PQLs.doTable 1 2 Finalxlssamples 3-1xls 



SVOCs by 8270C 



VOCsb 8260B 
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DISCLAIMER: This SOP has been developed for use at the SIMALABS 
International, Merrillville, Indiana facility. It is intended for use by trained analysts. 
As written, this SOP may not be specifically applicable to the activities of other 
organizations. 
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SOP ID: Cr+6(3) 
Revision: 3 

Revised Date: 06/08/2001 

2.0 SCOPE AND APPLICATION 

2.1 This is an automated colorimetric procedure for the determination of Hexavalent 
Chromium. This procedure is applicable to the direct analysis of aqueous samples 
and the digestates of solid matrix samples. The routine reporting limits are 0.005 
mg/I and 16 mg/kg. 

3.0 SUMMARY 

3.1 Using an acidic solution of diphenylcarbazide, hexavalent chromium generates a 
red-violet color with maximum absorbance at 540 nm. 

3.2 The linear working range is 0.005 to 0.400 mg/I. 

4.0 DEFINITIONS 

4.1 Accuracy — The degree of agreement of a measured value with the true or 
expected value of the quantity of concern (% recovery of a known spiked analyte). 

4.2 Aliquot — A measured portion of a sample, or solution, taken for sample preparation 
or analysis. 

4.3 Analyte — The specific component measured in a chemical analysis. 

4.4 Analytical Batch — A group of samples which are analyzed, at the instrument level, 
together using the same method, reagents and apparatus within the same time 
period. Typically, these are samples in the same batch ID in the LIMS. 

4.5 Blank — An artificial sample designed to assess specific sources of laboratory 
contamination. There are several types of blanks, which monitor a variety of 
processes: 

• Calibration Blank — An aliquot of the standard diluent (water or organic solvent) 
that is not carried through the sample preparation scheme. It is analyzed to 
verify that the analytical system is free from contamination. Also referred to as 
an instrument blank or solvent blank. 

• Field Blank — blanks that are collected in the field and analyzed to determine 
the Ievel of contamination introduced into the sample due to sampling 
technique. 

• Method Blank — An aliquot of lab pure water or solid matrix taken through 
sample preparation (when required) and analysis. It is a test for contamination 
in sample preparation and analyses. Also referred to as a Method Blank. 
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4.6 Bias — The deviation of a measured value from a known or accepted value due to 
matrix effects or method performance: Bias may be determined quantitatively to 
correct measured values. Bias may be positive or negative. 

4.7 Calibration — The establishment of an analytical curve based on the absorbance, 
response, emission intensity, or other measured characteristic of known standards. 
The calibration standards must be prepared using the same type and concentration 
of acids, solvents, or other solutions used in the sample preparation. 

4.8 Continuing Calibration Verification Standard (CCV) —A standard used to verify the 
continued acceptability of the initial calibration curve. A continuing calibration 
verification must be repeated at the beginning and end of each analytical batch and 
every 10-20 samples, whichever is more frequent depending on the method 
requirements. The concentrations of the continuing calibration verification standard 
shall be varied within the established calibration range. If an internal standard is 
used, only one continuing calibration verification must be analyzed per analytical  
batch. 

4.9 Detection Limit — The smallest concentration/amount of some component of interest 
that can be measured by a single measurement with a stated level of confidence. 

• IDL — Instrument detection limit. A statistically determined detection limit used 
to estimate the instrument's sensitivity. The IDL is obtained by analyzing 
seven consecutive blanks to assess the variability of the instrument. 

• MDL — Method detection limit. The minimum concentration of a substance that 
can be measured and reported with a 99% degree of confidence. MDLs are 
determined by analyzing a minimum of seven consecutive standards that have 
been processed through all preparatory steps. 

• PQL — The Practical Quantitation Limit is the lowest concentration that can 
reliably be achieved within specifled limits of precision and accuracy during 
routine laboratory operating conditions. Typically, the PQL is a value in the 
range of 5- 10 times the MDL. Also referred to as the Estimated Quantitation 
Limit (EQL). 

4.10 Initial Calibration Verification (ICV) — A standard used to verify the accuracy of 
calibration standards. Prepared from a second source than that of the calibration 
standards, its known value is measured against the calibration curve. This 
determines the integrity of working standards. Also referred to as an external 
verification standard or check standard. 

4.11 Holding Time — The maximum storage time allowed between sample collection and 
sample analysis when the designated preservation and storage techniques are 
employed. 

4.12 Laboratory Control Sample (LCS) — An aliquot of laboratory pure reagent spiked with 
target analytes or compounds representative of target analytes. The sample is 
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carried through the entire analytical process and analyte recovery is used to monitor 
method performance. Also referred to as a laboratory fortified blank (LFB). 

4.13 Laboratory Control Sample Duplicate (LCSD) — An aliquot of laboratory pure reagent 
spiked with the identical amount(s) of target analyte(s) as the LCS. Results of the 
two spikes are used to assess both the bias and precision of a method with a given 
sample matrix. Also referred to as a laboratory fortified blank duplicate (LFB DUP). 

4.14 Matrix — The component or substrate which may contain the analyte of interest. 
Matrices are limited to the following: aqueous (includes extracts from the TCLP or 
other extraction procedure, groundwater, surface water, and wastewater), drinking 
water (potable water and laboratory pure water), non-aqueous liquid (organic liquid 
having <15% settleable solids), and solid (includes sediment, sludge, and soil). 

4.15 Matrix Spike (MS)—An aliquot of a sample that is spiked with a known amount of 
target analyte(s). Recovery of the matrix spike, expressed as percent recovery, is 
used to assess the bias of a method in a given sample matrix. Also referred to as a 
laboratory fortified sample matrix (LFSM). 

4.16 Matrix Spike Duplicate (MSD) — An aliquot of the same sample used for the MS, 
spiked with the identical amount(s) of target analyte(s) as the MS. Results of the 
two spikes are used to assess both the bias and precision of a method with a given 
sample matrix. Also referred to as a Iaboratory fortified sample matrix duplicate 
(LFSM DUP). 

4.17 Percent Recovery — A measure of accuracy that is calculated as the measured 
value relative to the true value, expressed as a percent. 

%R= MV *100 
TV 

where: MV = measured value 
TV = true value 

4.18 Precision — The degree of mutual agreement characteristic of independent 
measurements as the result of repeated application of the process under specified 
conditions. It is concerned with the comparability of results from duplicate or 
replicate analyses. (%RPD between the recoveries of two known analyte spikes, 
and %RSD between the recoveries of three or more measurements). 

4.19 Preparation Batch —A group of samples of similar composition which are prepared 
together using the same method, reagents and apparatus within a 24 hour calendar 
day or every 20 samples, whichever is more frequent. Typically, these are samples 
in the same batch ID in the LIMS. 

4.20 Preservative — A reagent added to a sample, or an action used, to prevent or slow 
decomposition or degradation of a target analyte or a physical process. Thermal and 
chemical preservation may be used in tandem to prevent sample deterioration. 
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4.21 Relative Percent Difference (% RPD) — Used to compare two values, the relative 
percent difference is based on the mean of the two values, and is reported as an 
absolute value, i.e., always expressed as a positive number or zero. (In contrast 
see percent difference.) 

%RPD= X-Y *100 
(X + Y) / 2 

where: X = value 1 
Y = value 2 

4.22 Sample — A portion of material supplied by the client for analysis. 

5.0 INTERFERENCES  

5.1 Substances that can reduce Cr (VI) upon acidification (cyanides, thiosulfate, 
organic matter) will cause negative interFerences in the determination of Cr (VI). 

5.2 In order to correct for sample color interference, any samples that are determined 
by this method to contain Cr (VI) are analyzed again but without the addition of the 
color reagent. This "color blank" value is subtracted from the original analytical 
result to account for indigenous sample color. 

6.0 SAFETY 

6.1 Eye protection must be worn at aIl times while in the laboratory. 

6.2 Lab coats and gloves are recommended. Avoid direct contact with reagents, 
standards, and/or samples. 

6.3 Consult the Material Safety Data Sheets (MSDS) for each chemical used for 
ihformation regarding fire hazard, toxicity, first aid, storage, disposal, spill 
procedures, and recommended protective equipment. 

6.4 Chemicals having the potential to produce toxic fumes must be handled in a fume 
hood. 

7.0 EQUIPMENT AND SUPPLIES 

7.1 AII volumetric glassware used shall be ASTM Class A. 

7.2 Analytical balance 

7.3 Glass microfiber filters 

7.4 1000 ml, 500 ml, and 250 ml volumetric flasks 
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7.5 Oxford 1-5 and 5-10 ml autopipettes 

7.6 Lachat QuikChem 8000 FIA instrument including sampler, multichannel 
proportioning pump, reaction manifold, colorimetric detector, and data system. 

7.7 13 x 100 mm disposable borosilicate glass culture tubes 

7.8 Magnetic stirrer and stir bars 

8.0 REAGENTS AND STANDARDS 

81 AII reagents used must be analytical reagent (AR) grade or higher. AII staridards 
must be traceable to NIST, when available. Certificates of traceability must be 
obtained from the manufacturer. AII reagents and standards must be documented 
in the appropriate preparation logbook. 

8.2 Reagents 

8.2.1 Lab pure water 

8.2.2 Sulfuric acid, conc. H 2SO4  

8.2.3 Isopropanol 

8.2.4 Color Reagent: in a 1 L volumetric flask, dissolve 0.40 g s-diphenylcarbazide in 
200 ml isopropanol. Stir with magnetic stirrer until dissolved. Then add 720 ml 
water and 80.0 ml conc. sulfuric acid. Dilute to mark with water and mix with a 
magnetic stirrer. 

8.3 Standards 

8.3.1 Stock Calibration Standard, 1000 mg/I: Obtain from vendor. 

8.3.2 Intermediate Calibration Standard, 20 mg/I: In a 250 ml volumetric flask, dilute 
5.0 ml of the stock calibration standard to the mark with DI water. 

8.3.3 Working Calibration Standard, 0.400 mg/I: In a 500 ml volumetric flask, dilute 
10.0 ml of the intermediate calibration standard to the mark with DI water. 
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8.3.4 Prepare the calibration curve using the 0.400 mg/I standard and the following 
standards that are made from the 0.400 mg/I. 

ml. of 0.400 
mg/I Std. 

Final 
Vol., ml 

Final 
Conc., mg/I 

50 

100 

0.200 
25 0.100 
12.5 0.050 
2.5 0.010 
1.25 0.005 
0 0 

8.3.5 Stock Verification Standard, 1000 mg/I: This standard must be of a separate 
source or lot number from that used for calibration. 

8.3.6 Intermediate Verification Standard, 20 mg/I: In a 250 mI volumetric flask, dilute 
5.0 ml of the stock verification standard to the mark with DI water. 

8.3.7 Working Verification Standard, 0.200 mg/I: In a 500 ml volumetric flask, dilute 5.0 
ml of the intermediate verification standard to the mark with DI water. 

9.0 SAMPLE COLLECTION, PRESERVATION, AND HOLDING TIMES 

9.1 The client or other trained personnel collect samples. Samples received at the 
laboratory are considered representative unless otherwise noted. 

9.2 Samples should be collected in a plastic container. Preservation consists of 
storage in the range of 0.1-6 °C. 

9.3 Analysis must be perFormed within the maximum allowable hold time of 24 hours 
from collection. 

10.0 QUALITY CONTROL  

10.1 An Initial Demonstration of Capability study must be performed prior to the initial 
analysis for each analyst and whenever substantial change has occurred in the 
procedure or instrument. Analyze four separate standards prepared in the range 
of 8-10 times the method detection limit listed in section 14.0. These standards 
must be from a source different from that used for calibration and taken through 
the entire analytical procedure. Submit the data to the QA department for 
evaluation. 

10.2 A Method Detection Limit study must be performed for each new procedure, 
annually thereafter, and whenever a change in instrument occurs. Analyze a 
minimum of seven (maximum of ten) standards prepared in the range of 2-5 times 
the method detection limit listed in section 14.0 or an estimated detection limit. 
These standards must be taken through the entire analytical procedure. Submit 
the data to the QA department for evaluation. 
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103 A Calibration Verification Standard must be analyzed immediately after calibration, 
after every 10 samples, and after the sample. Acceptance criteria are 90.0 — 
110% recovery. If acceptance criteria are not met, reanalyze. If reanalysis fails to 
meet the acceptance criteria, stop analysis and recalibrate or report data with an 
appropriate qualifier. Samples associated with a verification that fails with positive 
bias can be reported if the sample concentration is a non-detect. 

10.4 A Calibration Verification Blank sample must be analyzed after each calibration 
verification standard. The acceptance criteria are < PQL. If the acceptance 
criteria are not met, reanalyze. If reanalysis fails to meet the acceptance criteria; 
stop analysis and recalibrate. If the blank does not meet the acceptance criteria, 
all samples < PQL or greater than 10 times the blank contamination may be 
reported. AII other environmental samples must be reanalyzed or reported with an 
appropriate qualifier. 

10.5 A Method Blank must be analyzed with each batch of maximum 20 digested -- 
samples and at a minimum of one per day digested. Acceptance criteria are < 
PQL. If the acceptance criteria are not met, reanalyze. If reanalysis fails to meet 
the acceptance criteria, stop analysis and recalibrate. If the blank does not meet 
the acceptance criteria, all samples < PQL or greater than 10 times the blank 
contamination may be reported. AII other environmental samples must be 
reanalyzed or reported with an appropriate qualifier. 

10.6 A Laboratory Control Sample must be analyzed with each batch of maximum 20 
digested samples and at a minimum of one per day digested. Acceptance criteria 
are 80.0 — 120% recovery. If the acceptance criteria are not met, reanalyze. If 
reanalysis fails to meet the acceptance criteria all environmental samples must be 
reprepared and analyzed or reported with an appropriate qualifier. If the LCS fails 
with high bias, samples having a non-detectable concentration may be reported 
without qualification. 

10.7 A Matrix Spike and Matrix Spike Duplicate sample must be analyzed with each 
batch of maximum 20 samples and at a minimum of one per day. Acceptance 
criteria for the MS are 85.0 — 115% (waters) and 75.0 — 125% (solids) recovery for 
accuracy, and  <  20.0% RPD fot precision. If the acceptance criteria for either, 
accuracy or precision, are not met, reanalyze. If reanalysis fails to meet the 
acceptance criteria the sample and its MS/MSD must be reprepared and analyzed 
or reported with an appropriate qualifier. 

10.8 Applicable to digested samples only, a Post Dfgestion Spike sample must be 
analyzed with each MS/MSD that do no meet the accuracy recovery criteria. 
Acceptance criteria are 85.0 — 115%. If the acceptance criteria are not met, 
reanalyze. If reanalysis fails to meet the acceptance criteria the sample and its 
MS/MSD must be reprepared and analyzed or reported with an appropriate 
qualifier. 

11.0 CALIBRATION AND STANDARDIZATION 

11.1 Perform the required preventative maintenance as necessary. 
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11.2 Install the Lachat Cr (VI) manifold on the instrument in the Channel 2 position. 
Insert the 540 nm interference filter into detector module and connect sample loop 
(150 cm) in injection valve at the 1 and 4 positions. Detach pump tubing at the 
pump tube adaptor on the carrier line. Insert the tubing that is still attached to the 
manifold into the number 3 position on the injection valve and then attach the 
tubing from the number 2 position on the valve to remaining carrier line. Attach 
reagent and sample lines to pump with cassettes and switch on power to the 
instrument. 

11.3 Load autosampler tray with standards and samples. 

11.4 Log into Omnion. Open the Cr (VI) method and the tray. 

11.5 Place reagent lines into DI water and pump through manifold until analysis is ready 
to start at which time the lines are placed into appropriate reagent containers. 

11.6 Check for leaks and smooth flow. 

11.7 Place the working calibration standard on the autosampler. Calibrate from high to 
low concentration. 

11.8 Place reagent transmission lines into the appropriate containers and allow to pump 
through manifold until a stable baseline is achieved. 

11.9 Select Run Tray. 

11.10Check the linearity and replication of the calibration curve. Acceptance criteria are 
r >  0.995. If calibration is acceptable, continue with sample analysis. If calibration 
is not acceptable, recalibrate. 

12.0 PROCEDURE 

12.1 Place samples on the autosampler tray and continue with analysis as described in 
the Calibration section. 

13.0 CALCULATIONS AND DATA HANDLING 

13.1 After review, enter final results into the LIMS system. 

13.2 The instrument calculates the concentration of an aqueous, sample by comparison 
against the calibration curve. Calculate the sample concentration of solid samples 
as follows: 

Cr+6 , mg/kg = (A) (B) / C 

where: A= concentration measured in mg/I 
B= final volume of digestate, ml 
C = sample size, g 
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14.0 METHOD PERFORMANCE 

14.1 Method Detection Limit 
The latest MDL study yielded the following data: 

n
_ 

..-- 	 -- 7  

Standard Deviation (6n_ ) ug/I 
Spiked Concentration ug/I 
Average Concentration ug/I 
Average Recovery % 
Calculated MDL ug/I 	' 

14:2 Initial Demonstration of Capability 
A typical IDC study will yield data similar to: 	 _ 

n= 4 
Standard Deviation (6n_1) ug/I 
Spiked Concentration ug/I 
Average Concentration ug/I 	' 
Average Recovery % 

15.0 POLLUTION PREVENTION 

15.1 The quantity of chemicals purchased should be based on expected usage during 
their shelf life and the disposal cost of unused material. 

15.2 Prepare the minimum amount of reagent and standard necessary. 

16.0 WASTE MANAGEMENT 

16.1 Dispose of any resulting residue, digestate, or extract in accordance with local 
sanitary regulations. 

16.2 Additional sample shall be disposed of properly following the completion of 
analysis and an appropriate additional holding time. 

17.0 REFERENCES 

17.1 SW-846 Method 7196A 

17.2 Standard Methods Method 3500-Cr D, 18 th  ED 

17.3 SW-846 Method 3060A 

18.0 TABLES. FORMS, CHECKLISTS, AND OTHER ATTACHMENTS 
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1.0 OVERVIEW 

In May 2000, the City of Gary received a Brownfrelds Assessment Demonstration Pilot Grant from the 

United States Environmental Protection Agency (USEPA). The goal of the Pilot is to work with the 

City's partners to identify, assess, and redevelop local brownfields within the apprmcimately 200-acre 

J-Pit Redevelopment (Sites Site), which are located within the 8,200 acre Airport Development Zone. 

The area is comprised of the approximately 100 acre Greenspace Site (a former sand mine known as 

the J-Pit), and about 100 adjacent acres of abandoned and undeveloped property (Pilot Site). The J-Pit 

site is at the center of a proposed light industrial, commercial and greenspace complex. The proposed 

restoration plan for the J-Pit is to fill it with groundwater to form a lake. The banks of the new lake 

would be restored through plantings and construction of wetlands, and a trail would be constructed 

around the lake, which would connect to the industrial/commercial complex and a new city park 

adjacent to the site. 

This document presents the Quality Assurance Project Plan (QAPP) for the Limited Phase II 

Environmental Site Assessment (Phase II ESA) activities at the J-Pit Redevelopment sites (the Site) 

located in the City of Gary, Lake County, Indiana. The purpose of this field investigation is to perform 

a Limited Phase II Environmental Site Assessment (Phase 11 ESA). The QAPP has been prepared on 

behalf of City of Gary by Baker Environmental, Inc. (Baker). Integral to the QAPP are the Health and 

Safety Plan (HASP), the Sampling and Analysis Plan (SAP), the field standard operating procedures 

(SOPs), the laboratory accreditation and laboratory SOPs, and the Resumes of Key Personnel are 

included in Appendices A, B, C, D, and E respectively. The distribution list is provided in Table 1-1. 

1.1 Project Organization 

The elements of the quality assurance and management responsibilities of key project personnel 

including the organization structure are defined below. The organizational strncture and lines of 

authority of the key personnel for the City of Gary J-Pit Redevelopment Project are outlined in Figure 

One. 
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Proiect ManaQement 

U.S. EPA -ProjectManager and QAReviewer  

The U.S. EPA Brownfield Project Manager and QA +er for this project is Jan Pels. Ms. Pels will 

be responsible for Agency Coordination and oversightforthe proJect as well as oversight of quality 

assurance and laboratory issues. 

City of Gary 

Project Manager 

The City of Gary Project Manager will be Ms. Mary Mulligan. Ms. Mary Mulligan, the brownfield 

specialist for the City, is responsible for project direction conceming technical issues and strategies, 

setting work assignments for consultants, report writing and budgeting. 

Coordinator 

Dorreen Carey will assist Ms. Mulligan with project direction particularly with the greenspace 

development and wetland issues. 

Baker Environmental 

Baker Project Manager 

The Baker Project Manager will be Rick Spitaler. Mr. Spitaler has overall responsibility for ensuring 

that the project meets USEPA and IDEM objectives and Baker's quality standards. The Baker Project 

Manager will report directly to the City of Gary and is responsible for monitoring technical, cost and 

schedule performance. Mr. Spitaler will also be responsible for overseeing the writing of the report 

and provide oversight of health and safety. 

]3aker TechnicalManager 

The Baker Technical Manager for the project will be Jim Peyton. Mr. Peyton will assist the Project 

Manager with the project design and costing. 
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Baker Ouality Assurance Manager 

The Baker QA Manager is Mr. Thomas (Tom) Noble. Tom is responsible for ensuring that all 

regulatory and Baker procedures for this project are being followed. The QA Manager is also 

responsible for review of data, auditing the implementation of the QA program, reporting on adequacy 

and status of the program. It should be noted that the Baker QA Manager is outside the line of 

managenient. This allows him the ability to immediately address any noncompliant concerns that arise. 

The Baker QA Manager will perform Field Audits during on-site activities. 

Data validation will be conducted by ECT Consultants. Following receipt of the validation report, the 

Baker QA Manager will perform a data assessment. 

Baker Data Management Offzcer 

Baker Environmental Data Management Officer, Ms. Margaret (Peggy) James, will act as the data 

management officer for the project and will be responsible for the organization and compilation of data 

including computerized formats. 

Baker Field Team Leader 

The Baker Field Team Leader is the Project Manager for this project. The Field Team Leader (FTL) is 

responsible for leading and coordinating the day to day activities of various resource specialists. The 

FTL will be responsible for implementing The sites Health and Safety Plan. 

Field Tec&nicalStaff 

The Technical Staff for this project will be drawn from Baker's pool of resources in the Merrillville, 

Indiana Office. The technical team staff will be utilized to gather and analyze data, and to prepare 

various task reports and support materials. All of the designated technical team members are 

experienced professionals who possess the degree of specialization and technical competence required 

to effectively and efficiently perform the required work. The sampling team will assist the Field Team 

Leader as needed with sample collection, packaging, and calibration of field instruments. 
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Additional Services 

Additional support services including hydrogeologists, engineers, and risk assessors are available on an 

as needed basis from Baker's Chicago Office and Corporate Headquarters in Pittsburgh. 

V-3 Consultants 

V-3 Project Manager 

The V-3 Project Manager will be Mr. R Damon Lee. Mr. Lee will act as co-manager in development 

and writing of Phase II ESA reports and will be responsible for wetlands assessment and site surveying. 

Mr. Lee will report directly to the City of Gary. 

V-3 Wetlands Assessment Team Leader 

The wetlands Assessment Team Leader will provide an assessment of wetlands issues and will be 

directly responsible to the V-3 Project Manager. 

V-3 Survey Team Leader 

V-3 Survey Team Leader and staff will be responsible for surveying of wells and other selected sample 

points for the Phase II ESA and the wetlands assessments and will be directly responsible to the V-3 

Project Manager. 

Laboratory - Sima International Laboratory (Sima) 

Laboratory Projeet Manager 

Sima Laboratory Project Manager, Ms. Michelle Dilley, will be responsible for ensuring that the 

laboratory fulfills the analytical needs of the project. She will ensure that the Iaboratory perfonns the 

QA/QC in accordance with Data Quality Objectives. The Project Manager will be responsible for 

ensuring resources of the laboratory are available on an as-required basis and provide an overview of 

final analytical reports 
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Qu atity Assurance Man ager 

Jeff Loewe is the Quality Assurance Manager for Sima Laboratories. Mr. Loewe will be responsible 

for making sure that the necessary systems are in place to meet the project data quality objectives, as 

defined by this QAPP. He will also be responsible for evaluating data quality, laboratory audits, 

performing data reviews, and documenting training. The QA officer has the overall responsibility for 

data a$er it leaves the laboratory. The QA officer will be independent of the laboratory management 

but will communicate data issues through the Laboratory Project Manager. 

1.2 	Facility History/Background Information 

The following subsections provide a description of the site regarding location, history, and previous 

investigations. 

1.2.1 Facility History 

The area is comprised of the approximately 100 acre Greenspace Site (a former sand mine ]mown as 

the J-Pit), and about 100 adjacent acres of abandoned and undeveloped property (Pilot Site). The 

approximately 100 acres Pilot Site property is comprised of four individual sections that are located 

east of Burr Street south of 15 ffi  Avenue, west of the E.J.& E. Railroad and north of 23`' Avenue in 

Gary (Calumet Township), Lake County, Indiana. The site is within Sections 11, 12, 13 and 14, 

ToNvnship 36 North, Range 9 West of the Tlurd Principal Meridian. The site is in an area of mixed 

usage including residential subdivisions, imdeveloped properties, and some industrial areas (Figure 3- 

1). 

In July 2001, Phase I ESAs were performed by Enviromnental Design International, Inc. for the 

approximate 100 acre J-Pit Greenspace Site and adjacent Pilot Site parcels. The Pilot Site is comprised 

of four Sections as described below: 

•  Section 1 : This section consists of approximately 20 acres and is bound on the west by Hobart 

Street, on the north by 15'" Avenue, on the east by Dallas Street, on the southeast by the closed 

Gary Municipal Land811 and on the southwest by the J-Pit. 
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•  Section 2 : This section consists of approximately 15 acres south of the J-Pit and is bound on the 

south by 21st Avenue, on the west by Colfax Street, on the north by 22nd Avenue, and on the east 

by Fairbanks Street. The eastem fifth ofthe section contains a parcel formerly occupied by an auto 

scrap yard. 

•  Section 3:  This section lies directly south of the closed Gary Landfill and consists of 

approximately 30 acres bound to the east by Colfax Street, Hamlin Street and King Street; to the 

south by 21st Avenue; to the north by 23rd Avenue; and to the west by Calhoun Street. 

•  Section 4:  This section encompasses roughly 40 acres and is bound to the north by 21st Avenue, to 

the south by 23rd Avenue, to the west by Fairbanks Street, and to the east by the EJ&E Railroad 

line. 

Individual Phase I ESA reports were prepared for each of the Pilot Site Sections and the Greenspace 

Site (i.e. five total reports). Several Recognized Environmental Concerns (RECs) were documented in 

the Phase I ESA Reports. In general, some level of Phase II sampling was recommended for all five 

parcels due to their proximity to the closed Gary Municipal Landfill, two Superfund sites (Midco I and 

9th Avenue Dump), several Leaking Underground Storage Tank (LUST) sites, and specific areas 

judged to constitute on-site RECs as outlined below. 

•  Section 1:  Although the parcel is predominantly vacant, two small buildings were observed on the 

west side (south of 15th Avenue), an area historically used as a junk yard. Surface and buried 

refuse, tires, an old bus, metal, plastic, and empty 55-gallon drums were observed. 

•  Section 2:  Structures and scattered piles of debris including shredded tires, two empty 55-gallon 

drums, and scrap metal were observed on the northeast side in the area of the former Paul's Auto 

Yard (a scrap yard once located at 2124 Colfax); and LeRoy's Used Cars (previously located at 

2150 Colfax). In addition, scattered rubbish was observed along the boundary line with the J-Pit 

area to the notth. 
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•  Section 3 : The north and northwest portions of this parcel were reportedly used in the past for car 

repairs and dumping. Prior to 1990, the Gary Municipal Landfill did not have a slurry wall along 

the approximately 1,200 foot common property line. Active junkyards are located adjacent to the 

parcel southwest. Bivona, Inc., to the southeast, was listed on the Toxic Release Inventory (TRI) 

for Trichloroethane (TCE) and currently is enrolled in the IDEM VRP. Debris, scattered piles of 

rubbish including shredded tires, and stressed vegetation w'ere observed at various locations 

throughout the site. 

•  Section 4:  Partially buried construction debris was observed near the boundary fence of the J-Pit 

(north border); and railroad tracks are located along the west border. 

•  Greenspace Site (J-Pitl:  At one time this site was used as a waste area operated by Waste 

Management. An oily, rust-colored unknown substance was observed in an approximately 1,300 

foot excavated ditch, located on the nortlh side. Debris was observed along the perimeter including 

tires, concrete piping, concrete, scrap metal, plastics, and some buried debris. Three partially 

submerged monitoring wells were observed in water on the east side, as well as one well in the 

southeast comer and one in the northeast comer of the site. A groundwater and leachate collection 

system for the closed Gary Municipal Landfill is located on the east side. The system piping is 

seven feet in diameter, with three inlets from the south, north and northeast. Inlet piping runs 

under vegetation in a ditch extending along the east end of the parcel. The west wall of this ditch is 

used as a service road. Stressed vegetation was observed along the wall of the ditch, five feet from 

the bottom. 

As part of the evaluation of site background, Baker reviewed aerial photographs from 1938, 1958, 

1965, 1973, 1987 and 1992, acquired from the records of the Soil Conservation District for Lake 

County, Indiana, In 1938, the Site was part of a largely undisturbed dune and swale topography typical 

of the majority of the region. By 1958, the J-Pit sand mine (Section 5) and the Gary Municipal Landfill 

were visible and apparently active. Subsequent photographs indicate periodic flooding of the J-Pit and 

the emerging industrial and semi-industrial development ofthe surrounding vicinity. The surrounding 
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properties (Sections 1 to 4) remained largely undeveloped except for the construction of pre-

subdivision development roadways in Section 2 and some businesses along Colfax Avenue. 

1.2.2 Site Geology/Hydrogeology 

According to the 1992 United States Departnent of Agriculture (USDA) Soil Conservation Service 

(SCS) Soil Survey of Lake County, Indiana, the site and immediate area are underlain by the Oakville- 

Tawas complex and the Tawas Muck soils. The Oakville-Tawas complex is comprised of about 45 

percent Oakville sand and 45 percent Tawas Muck. The Oakville sand is a black to yellowish brown, 

excessively drained, fine sand located on narrow ridges. The Tawas muck is a black, deep, very poorly 

drained organic muck underlain with a grayish-brown loose sand in depressions between the Oakville 

sand ridges (1992, USDA, Lake County Soil Survey). The surface at the site has been heavily altered 

by sand mining, filling, grading, spreading gravel and stockpiling activities. 

'I1ie site is located at the boundary of lacustrine deposits of the Calumet Lacustrine Plain physiographic 

region and the Toleston Beach complex. The Calumet Lacustrine Plain has been heavily altered due to 

industrial and residential development. Where undisturbed, the area is dominated by three relict dune- 

capped beach ridges separated by broad inter-ridge marshes. The Toleston Beach complex extends 

from between the Little Calumet River and the Grand Calumet River to Lake Michigan and is 

characterized by linear ridges of unified parabolic dunes interspaced with interdunal swamps (dune and 

swale). The unconsolidated materials were deposited in the Wisconsin age, with a combined action of 

ice, wind and water. The glacial deposits in the vicinity and surrounding area have an estimated 

thickness of 150 feet (1994, Depattment of Environmental Resources Water Resource Availability in 

the Lake Michigan Region, Indiana). 

The site is within the Calumet Aquifer System consisting of fine to medium sand with beach gravel 

beds. Discontinuous beds of silt, clay and peat deposits confine the aquifer in some locales. The 

aquifer is considered highly susceptible to surface contamination due to the lack of a clay cap or 

separator beds (1994, Deparhnent of Environmental Resources Water Resource Availability in the 

Lake Michigan Region, Indiana). Regional groundwater flow is anticipated to be to the north toward 
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the Grand Calumet River and Lake Michigan, but due to the location of the site between the Grand 

Calumet and Little Calumet Rivers, local groundwater flow may differ. 

The unconsolidated soils are underlain by the Wabash Fonnation within the Kankakee Arch. The 

Wabash Formation is comprised of reef and inter-reef Silurian dolomite, dolomitic limestone and 

argillaceous limestone (1994, USGS Hydrogeologic Atlas of Aquifers in Indiana). 

1.3 	Project Objectives 

The City of Gary's goal is to assess and develop the Site as part of the overall Airport Redevelopment 

Zone. The goals of the Phase II ESA is to provide sufficient infonnation witlh respect to the nature and 

extent of contamination to assist in the redevelopment of the site. As part of the Phase II ESA the 

following will be evaluated: 

• Identify affected media (soil, groundwater, surface water and sediment); 

• Identify Contaminants of Concern; 

• Delineate the vertical and horizontal extent of contamination in each medium; 

• Determine potential human and ecological receptors and exposure pathways; and 

• Provide sufficient information to make preliminary decisions on remedies and default and non-

default closure options for the source area(s). 

In addition the Phase II ESA is to provide a determination for what additional areas may require further 

investigation or may benefit from remedial action or risk assessment. 

To acbieve these project objectives, soil, groundwater, sedinient and surface water samples will be 

collected from these areas. Field and laboratory protocol will ensure that the data are technically and 

legally defensible. All analytical data will be of quality such that it may be used quantitatively. 
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1.4 	Data Quality Objectives 

The Data Quality Objective (DQO) Process is series of planning steps based on the Scientific Method 

that is designed to ensure that the type, quality, and quantity of environmental data used in decision 

making are appropriate for intended application. The steps of DQO process are included in Figure 3 of 

this QAPP. 

DQO are qualitative and quantitative statements derived from outputs of each step ofthe DQO 

Process that: 

• Clarify the study objective; 

• Define the most appropriate type of data to collect; and 

• Determine the most appropriate conditions from which to collect the data. 

The DQO are then used to develop a scientific and resource-effective sampling design. 

The DQO Process allows decision makers to define their data requirements and acceptable levels of 

decision during planning before any data are collected. DQO were based on the seven-step process 

described in EPA QA/G-4 (September 1994) document and outlined in Figure 3. 

The data quality objectives for tivs project are sunmiarized in Table 1-2 and detailed below. 

1.4.1 Problem Definition 

The specific objectives of the Phase II ESA are to evaluate the recognized environmental conditions 

identified in the Phase I ESA and those deterniined during Pre-field Phase II activities. As indicated in 

the Phase I ESA, several areas within each Section of the site were judged to constitute recognized 

environmental concems. In addition, the site is bordered by, or in the vicinity of, several properties 

with recognized environmental concems. The potential areas of concem (PAOCs) for each Section 

include the following: 
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Section 1 

• Scattered illegal dumping 

• Potential inipact from down-gradient tmcking facilities 

Section 2 

• Impact from former scrap yard operations 

• Scattered illegal dumping 

Section 3 

• Impact from off-site landfill and Bivona VRP site 

• Scattered illegal dun ping 

Section 4 

• Scattered illegal dumping 

• Potential impact from side gradient tmeking facilities 

Section 5 (J-Pit) 

• Impact from off-site landfill 

• Scattered illegal dumping 

• Prior operations at J-Pit 

• Potential impact from side and down gradient trucking facilities 

1.4.2 Identify the Decision 

To proceed with the development process, the following will need to be determined: 

• Are contaminants present above human and ecological risk-based exposure levels in soil, 

sediment, surface water and groundwater? 

• Has a release occurred at areas identified in Phase I ESA and during ongoing prefield 

activities? 

• Is there migration of impacted groundwater from the landfill? 

• Is there an immediate or acute hazard? 
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1.43 Identify Inputs to the Decision 

The project goals are to meet the VRP residential and non-residential clean-up criteria, as defined in the 

Voluntary Remediation Guidance Document, July 1996. The specific VRP cleanup criteria are the 

identified contaminants of concern and others as defined in Tablel-2. In order to proceed with 

development, several inputs to the decision process will need to be addressed. These include: 

l. Develop a sampling plan that will obtain adequate samples to be representative of the concentration 

of residual constituents at the Site. 

2. Ensure that analytical methods are adequate to detect levels of constituents in media of concem at 

or below the IDEM VRP-based screening criteria. 

1.4.4 Define Boundaries 

The spatial boundaries of the Site consist of five Sections totaling over 200 acres (described in 

preceding Sections). The J-Pit area is bound to the east by the Gary Municipal Landfill and Calhoun 

Avenue, to the west by the EG & E railroad tracks, to the north by Fifteenth Avenue and to the south 

by 23`d  (see Figure 2). Intemally, boundaries for PAOC are broken down into the following categories: 

• Areas known to be contaminated 

Areas identified in Phase I ESAs, scrap yard in Sections 1 and 2, J-Pit bermed area, groundwater 

froni Bivona and the Landfill, 

• Areas that may be contaminated 

J-Pit surface water impoundment, scattered dumping on north end of Section 3, along undeveloped 

streets in Section 2, north end of Section 4. 

• Areas unlikely to be contaminated 

Section 1, Section 4, J-Pit west of berm, west portion of Section 3, west portion of Section 4. 

Seasonal data are not required to determine the presence or absence (i.e., release) of a constituent in the 

soil or sediment. Groundwater data would be col]ected quarterly to address temporal boundaries for 

evaluation of potential groundwater evaluations. 
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Practical constraints that may impede sampling will be considered (e.g., foundations, utility lines or 

process equipment). 

The potential pathways for PAOC may include the following: 

• Unlined J-Pit: air emissions, direct contact, eontamination of soils, and infiltration to 

groundwater. 

• Scattered illegal dumping: Air emissions, direct contact, containination of soils, and 

infiltration to groundwater. 

• Operations at the auto and scrap yards in Section 1: air emissions, direct contact, 

contamination of soils, and infiltration to groundwater. 

• Off-site groundwater inipacts: air emissions, direct contact, contamination of soils, and 

infiltration to groundwater. 

1.4.5 Develop a Decision Rule 

Based on the results of the Phase Il ESA, the following objectives will be reviewed to determine a 

decision rule. 

Objective Decision Rule 

Were chemicals released to the enviromnent Yes: The PAOC continues in the VRP process 

from the potential sources? No: No further action is required. 

Are the released chemicals present in the Yes: The PAOC continues in the VRP process 

enviromnental 	media 	above 	VRP-based No: No furtlier action is required. 

screening criteria? 

Do 	the 	quantities 	of chemicals 	present Yes: 	The PAOC continues in the VRP process 

indicate a potential risk to human health or and the extent of contamination will be delineated. 

the environment? No: No further action is required. 
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If the entire site does not meet VRP criteria, then potential sections of the properry may meet VRP 

requirements and other portions may require further review and definition of boundaries. 

If the entire site does not meet VRP criteria, thea the Phase II ESA will be reviewed to furCher define 

areas of concem and define extent, fate and transport of chemical of concem witliin each area. 

1.4.6 Specify Limits on Decision Errors 

The possibility of decision error may occur as sampling design error and/or measurement error. 

Although the possibility of decision error can never be totally eliminated, it can be minimized and 

controlled. For this project, sampling and measurement decision errors are to be controlled. The VRP 

default sampling scheme includes representation of the potential source release areas at the PAOC. 

Measurement errors are controlled through the use of analytical methods that achieve reporting limits 

less than the conservative default remediation standards. The following describes the possible decision 

errors and potential consequence of each error: 

• Decision error based on a false positive (i.e., the chemical concentration is identified as greater 

than the VRP clean up objectives when in fact it is less than the standard). If this occurs, additional 

characterization of the PAOC would be conducted when it is not warranted. This will incur 

additional costs and potentially delay the schedule. This error, however, will ensure compliance 

with the site-specific remediation standards and protection of human health and the environment. 

• Decision error based on a false negative (i.e., The chemical concentration is identified as less than 

the site-specific remediation standard when in fact it is greater than the standard). If this occurs, 

additional characterization that is warranted would not be performed. This error may lead to soil 

with chemical concentrations greater than the site-specific remediation standards left in place. The 

likelihood of a decision error based on a false negative is minimal for the following reasons: 

The sampling program is biased toward known or suspected PAOC areas where there is the highest 

probability of encountering a potential release. 
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Samples will be collected per the VRP clean-up objectives at multiple locations in each PAOC to 

ensure adequate positive-bias sampling of the potential source area. The analytical program will be 

designed to be sensitive enough to record chemical concentrations below the VRP screening levels 

as defined by IDEM VRP. 

1.4.7 Optimize the Design for Obtaining the Data 

In order to ensure obtaining usable quality data with the limited available historical data, reports, etc., 

the City of Gary has elected to use IDEM VRP sampling approaches with selection of the most 

appropriate VRP clean-up goals upon known or suspected site conditions. 

Effective measures include the use of Geoprobe® sample acquisition for the majority of the field 

sampling, use of test pits to target the PAOC and sample locations while still meeting the DQO 

objectives. Additional field screening methodologies (VOCs screened with a photoionization detector) 

c1n be very cost effective, but only if the potential parameter suite can be realistically reduced based on 

site data. 

Sampling rationale and locations are located in Appendix B(SAP). Sample identification, number, 

parameters and frequency are in Table 1-3 in Appendix B. 

1.5 	Measurement Performance Criteria 

The PARCC parameters (precision, accuracy, representativeness, comparability, and completeness) are 

qualitative and/or quantitative statements regarding the quality characteristics of the data used to 

support project objectives and ultimately environmental decisions. These parameters are presented in 

this section. 
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1.5.1 	Precision 

Definition: Precision is a measure of the degree to which two or more measurements are in agreement. 

1.5.1.1 	Field Precision Objectives 

Field precision is assessed through the collection and measurement of field duplicates at a rate of 1 

duplicate per 20 or fewer analytical samples per matrix. The frequency of niatrix spike/matrix spike 

duplicates (MS/MSDs) that are collected in the field for laboratory precision purposes will be collected 

at a rate of one MS/MSDs per 20 analytical samples per matrix. The total number of dnplicates and 

MS/MSDs for this project are found in Summary Table of Sampling and Analysis Program (Table 14). 

1.5.1.2 Laboratory Precision Objectives 

The degree of agreement between the numerical values of a set of duplicate samples performed in an 

identical fashion constitutes the precision of the measurement. Precision of laboratory analysis will be 

assessed by comparing the analytical results between MS/MSD samples for organic analysis .and 

laboratory duplicate analyses for inorganic analysis. Precision will be reported as a relative percent 

%RPD =  S D  X 100 
(S + D)/2 

difference and will be calculated for each pair of duplicate analysis using Equation 13-2. 

Where: 

% RPD = Relative percent difference. 

S= First sample value (MS for organics and initial s2mple result for inorganics). 

D= Second san7ple value (MSD for organics and method duplicate for inorganics). 
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1.5.2 Accuracy 

1.5.2.1 	Definition: 

Accuracy is the degree of agreement between an observed value and an accepted reference value. 

1.5.2.2 Field Accuracy Objectives 

Accuracy in the field will be assessed through the use of equipment rinsate samples and trip blanks and 

through the adherence to all sample handling, preservation and holding times. 

1.5.2.2 Laboratory Accuracy Objectives 

Laboratory accuracy is assessed through the analysis of matrix spikes of standard reference materials 

and the determination of percent recoveries. Analytical accuracy is expressed as the percent recovery 

of an analyte that has been added to the sample or standard matrix (i.e., blank) at a known 

concentration before analysis. Tne percent recovery of matrix spike samples will be calculated using 

the following equation: 

%R =  `4-B X100 
C 

% R = Percent recovery 

A= The total analyte concentration determined experimentally from the spiked sample. 

B= The background level determined by separate analysis ofthe unspiked sample. 

C= Amount of the spike added. 

Accuracy control limits are given in Table 1-2 and included in the SOPs in Appendix D. During the 

course of the Phase II ESA, these objectives may be revised with client approval in light of matrix 

interferences or other factors not fully accounted for in the EPA Methods and laboratory SOPs. 
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1.5.3 Completeness 

1.5.3.1 	Definition: 

Completeness is a measure of the amount of valid data obtained from a measuren ent system compared 

to the amount that was planned to be obtained under normal conditions. 

1.5.3.2 	Field Completeness Objectives 

Field completeness is a measure of the amount of valid measurements obtained from all the 

measurements taken in the field during the RD for each parameter in a given matrix. The equation for 

completeness is presented below. 

Conzpleteness = Valid Data Obtafned X I00 
Total Data Planned 

The field completeness goal for this RD is 90 percent or greater. 

1.5.3.3 Laboratory Completeness Objectives 

Laboratory completeness is a measure of the amount of valid measurements obtained from all the 

measurements taken in the laboratory during the project for each parameter in a given matrix. The 

equation for completeness is presented above. The laboratory completeness goal for this project is 95 

percent or greater. 
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1.5.4 Representativeness 

1.5.4.1 	Definition 

Representativeness expresses the degree to which data accurately and precisely represent a 

characteristic of a population, parameter variations at a sampling point, a process condition, or an 

environmental condition. 

1.5.4.2 Measures to Ensure Representativeness of Field Data 

Representativeness is dependent upon the proper design of the sampling prograni. To ensure a 

representative soil sample after the collection of VOC samples all soil will be placed in a stainless steel 

bowl and homogenized prior to filling the respective laboratory-preparedjars. 

After the purging of each well volume pH, specific conductivity, and temperature measurements will 

be recorded. Once three consecutive measurements are within ten percent of each other groundwater 

samples will be collected. These procedures are conducted in order to ensure representativeness of the 

samples. 

For complete discussion of sanipling refer to the SAP (Appendix B) and associated field sampling and 

field instrument Standard Operating Procedures (SOPs Appendix C). 

1.5.43 Measures to Ensure Representativeness of Laboratory Data 

Representativeness in the laboratory will be satisfied by using the proper analytical procedures, 

meeting sample holding times and analyzing and assessing field duplicate samples. The sampling 

network was designed to provide data representative of site conditions. During development of this 

network, consideration was given to past waste nianagenient practices, existing analytical data, and 

physical setting and processes. The rationale of the san pling network is provided in Section 2.4 of the 

QAPP aud in the SAP (Appendix B). 
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1.5.5 Comparability 

1.5.5.1 	Definition: 

Comparability is an expression of the confidence with which one data set can be compared with 

another. Comparability is also dependent on similar QA objectives. 

1.5.5.2 Measures to Ensure Comparability of Field Data 

Comparability is dependent upon the proper design of the sampling program and will be satisfied by 

ensuring that the SAP is followed and that proper sampling techniques are used. 

1.5.5.3 Measures to Ensure Comparability of Laboratory Data 

Plwmed analytical data will be comparable when similar sampling and analytical methods are used and 

documented in the QAPP. Comparability is also dependent on similar QA objectives. 

1.5.6 	Level of Quality Control Effort 

Equipment rinsates, trip blatilcs, method blanks, duplicates aud standard reference materials including 

matrix spike and surrogate samples will be analyzed to assess the quality of the data resulting from the 

field sampling and analytical programs. 

Equipment rinsates and trip blanks consist of analyte-free water wfiich will be submitted to the 

analytical laboratories to provide the means to assess the quality of the data resulting from the field 

sanipling program. Equipment rinsate samples are analyzed to check for equipnent decontamination 

procedures which may cause sample contamination. Trip blanks will be used in conjunction with off- 

site aqueous VOC samples to assess the potential for cross-contamination during sample shipment and 

storage. Trip blanks prepared prior to the sampling event in the actual saniple containers and are kept 

with the investigative samples throughout the sampling event. They are then packed for shipment with 

other samples and sent for analysis. There should be one trip blank included in each sample shipping 
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container that has aqueous VOC samples. At no time afrer their preparation are the sample containers 

for trip blanks opened before they reach the laboratory 

Method blank samples are generated within the laboratory and used to assess contamination resulting 

from laboratory procedures. Duplicate samples are analyzed to check for sampling and analytical 

reproducibility. Matrix spikes provide information about the effect of the sample matrix on the 

digestion and measurement methodology. All matrix spikes are performed in duplicate and are 

hereinafter referred to as MS/MSD samples. One MS/MSD will be collected for every 20 samples per 

matrix. MS/MSD samples are designated/collected for metals and organic analyses. 

MS/MSD samples are investigative samples: that is, actual matrix sample is collected in the field. Soil 

MS/MSD samples require no extra volume for VOCs or inorganics. However, aqueous MS/MSD 

samples must be collected at triple the volume for VOCs and double the volume for inorganics. One 

MS/MSD sample will be collected or designated for every 20 investigative s2mples per sample matrix 

(i.e., groundwater, soil) 

The general level of the QC effort wi11 be one field duplicate per 10 investigative samples per sample 

matrix and one equipment rinsate blank per 20 samples per sample matrix. One VOC trip blank 

consisting of analyte-free reagent grade (Type II) deionized water will be included along with each 

cooler of aqueous VOC samples. 

The number of QC samples to be collected for Section 2.5. Sample collection procedures for the QC 

samples are specified in Section 3.0 ofthe SAP (Appendix B) and the SOPs in Appendix C. Table 1-2 

contains the reporting limits for organic and inorganic paranieters for the off-site laboratory 

1.6 	Special Training Certification and Records 

All personnel will be trained in accordance with OSI-IA's 29CFR 1910.120 regulation covering 

Hazardous Waste Operations and Emergency Response. Further discussion of health and safety 

training is provided in Appendix A. No additional training or certification is required for the sampling 

conducted during the Phase II Investigation. 
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1.7 	Documentation and Records 

The QAPP project data and information will be documented, tracked and managed from their 

generation in the field to fmal use aud storage in a manner that ensures data integrity and defensibility. 

All field data will be documented in field log books and all laboratory records maintained. Further 

description of field, laboratory and final evidence file documentation is described in Section 2.4 

(Sample Handling and Custody Requirements) and outlined in the F300 Docunientation Section of the 

SOPs in Appendix C ofthe QAPP. Included in this Section are the following: Sainple Preservation and 

Handling (17301), Chain of Custody (F302), Field Logbook SOP (F303) and QA/QC Samples (F304). 

1.8 Scbedule 

See Figure 4 for the Project Scbedule 
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2.0 DATA GENERATION, ACQUISITION AND REPORTING 

2.1 	Sampling Process Design 

The sampling procedures to be used in for this project are consistent with the objectives of this project. 

Please refer to Section 3.0 of the SAP located in Appendix B. The SAP outlines all the sampling 

design and procedural information. 

2.2 	Analytical Methods Requirements 

The project laboratory will implement the project required analytical SOPs. These laboratory SOPs 

for sample preparation and analysis are based on SW-846 Tiiird Edition, June 1997, and for all final 

updates. Laboratory Specific SOPs have been developed for each routine analytical procedure. These 

SOPs detail the steps performed at SIMA LABs. The analytical specific SOPs for azialysis are included 

as Appendix D. These include Aqueous and Non-Aqueous sample preparation and sample analysis for 

Organic and inorganic analysis. 

2.3 	Sampling Methods Requirements 

Sampling 

During the Phase II ESA surface soil, subsurface soil, groundwater, surface and sediment samples will 

be collected. Collection methods and procedures that will be used during the investigation are defined 

in the following groups of SOPs. Field SOPs are provided in Appendix C ofthe QAPP. 

Drilling and Sampling methods are defined in SOPs: F101 (borehole and sample logging), F102 Soil 

and Rock Sample Acquisition, F103 Monitor Well Installation, F104 Groundwater Sample Acquisition, 

F105 Surface Water and Sediment Acquisition, F106 Test Pit and Trench Excavation; , F107 

Wastewater Sample Acquisition, F108 Drum Sanipling. 
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Decontamination and Waste Handling F501Decontamination of Drilling Rigs and Monitoring Well 

Materials, F502 Decontamination of Sampl'ing Well and Monitoring Equipment, F504 Handling of Site 

Investigation Wastes 

Field Testing, maintenance and inspection requirements F401 Aquifer testing, F402 Slug Testing, 

F201 On-site Water Quality Testing, F201Water level, F202 Water —Product Level, and Well Depth 

Measurements, , F203 Photoionization detector, F204 Flame Ionization detector. 

Pre-preserved or non-preserved sample containers will be supplied by the laboratory (Table 2-1) and 

will be level 1 certified pre-cleaned sample containers, wl7ich are QC checked by the manufacturer. 

2.4 	Sample Handling and Custody Requirements 

Custody is one of several factors which is necessary for the admissibility of environmental data as 

evidence in a court of law. Custody procedures help to satisfy the two major requirements for 

admissibility: relevance and authenticity. Sunple custody is addressed in three parts: field sample 

collection, laboratory analysis, and final evidence files. Final evidence files, including all originals of 

laboratory reports and purge files, will be maintained under document control in a secure areas at Baker 

Environmental, Ine. Merrillville, Indiana and at the City of Gary. 

A sample or evidence file is under your custody if 

• The item is in actual possession of a person 

• The item is in the view of the person after being in actual possession of the person 

• The item was in actual physical possession but is locked up to prevent tampering 

• The item is in a designated and identified secure area 

For this project, proper chain-of-custody documentation will be maintained for all samples from the 

time of collection until they are shipped to the laboratory. Chain-of-custody sheets accompanying the 

samples will contain the following information: project number, sampler(s) name, sample members, 

number of containers, method(s) of preservation of samples, date and time of sample collection, 

analysis(es) requested, date and time of transportation to the laboratory, method of transportation, and 
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any other information pertinent to the samples. Sample documentation will be prepared in Baker's 

SOP for sample chain-of-custody is included in Appendix C(F302). 

Field Custody Procedures 

Field logbooks will provide the means of recording data collection activities. As such, entries will be 

described in as much detail as possible so that persons going to the facility could reconstruct a 

particular situation without reliance on memory. 

Field logbooks will be bound, field survey books or notebooks. Logbooks will be assigned to field 

personnel. Each logbook will be identified by the project-specific document number. 

The title page of each logbook will contain the following: 

• Person to whom the logbook is assigned 

• Logbook number 

• Project nanie 

• Project start date 

• End date 

Entries into the logbook will be made in indelible ink. At the beginning of each entry, the date, start 

time, weather, names of all sampling team members present, level of personal protection being used, 

aud the signature of the person making the entry will be entered. The names of visitors to the site, field 

sampling or investigation team personnel and the purpose of their visit will be recorded in the field 

logbook. 

Measurements made and samples collected will be recorded. All entries will be made in indelible ink, 

signed, and dated and no erasures will be made. If an incorrect entry is made, the information will be 

crossed out with a single strike mark wliich is signed and dated by the sampler. Whenever a sample is 

collected, or a measurement is made, a detailed description of the location of the station shall be 
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recorded. The number of the photograplvs taken of the station, if any, will be noted. All equipment used 

to make measurements will be identified, along with the date of calibration 

Samples will be collected following the sampling procedures documented in the SAP in Appendix B 

and the SOPs in Appendix C and Table 1-3. The equipment used to collect saniples will be noted, 

along with the time of sampling, sample description, and depth at which the sample was collected. 

Sample site-specific identification number will be assigned prior to sample collection. The site-specific 

savnple number should consist of the following: 

• Subsurface soil samples will be designated with a SB prefix (for soil boring) and boring number 

followed by the individual sample number from that location. An example of this would be SBO1- 

O1, where SB indicates a soil boring, 01 indicates that first boring in the series, and —01 designates 

the first sample collected from that boring. Residential water samples will be indicated by RW 

prefix. 

• Monitoring wells installed during the investigation will have an MW prefix followed by the 

number designation. Groundwater san ples collected from the initial san7pling event, conducted 

after the installation ofthe new wells, will be simply designated by the well number (i.e., MW-01). 

• The surface water sample to be collected will have an SW prefix and sediment will have a SD 

prefix. 

• Sample from which QA/QC samples were collected will have the suffix of D for duplicate or 

MS/MSD for matrix spike/matrix spike duplicate attached to the sample designation. Equipment 

rinsates will be designated by the prefix RB and a sequential number while field bllydcs will be 

designated by a FB prefix and trip bluilcs with a TB prefix. 

• The sample packaging and shipment procedures summarized below will ensure that the samples 

will arrive at the laboratory with the chain of custody intact. Examples of field custody procedures 

are provided below. 
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• The field sampler is personally responsible for the care and custody of the samples until they are 

transferred or properly dispatched. As few people as possible should handle the samples. 

• All bottles will be identified by use of sample labels with san ple nunibers, sampling locations, 

date/time of collection, and type of analysis. 

• Sample labels are to be completed for each sample using waterproof ink unless prohibited by 

weather conditions. For example, a logbook notation would explain that a pencil was used to fill 

out the sample label because the ballpoint pen would not function in freezing weather. 

• Samples are accompanied by a properly completed chain of custody form. The saniple numbers 

and locations will be listed on the chain of custody form. When transferring the possession of 

samples, the individuals relinquishing and receiving will sign, date, and note the time on the record. 

This record documents transfer of custody of samples from the sampler to another person, to a 

mobile laboratory, to the permanent laboratory; or to/from a secure storage area. 

• Samples will be properly packaged on ice at 4 ° C for shipment and dispatched to the appropriate 

laboratory for analysis, with a separate signed custody record enclosed in and secured to the inside 

top of each sample box or cooler. Slupping containers will be locked and secured with strapping 

tape and custody seals for shipment to the off-site laboratory. The preferred procedure includes use 

of a custody seal attached to the front right and back le$ of the cooler. The custody seals are 

covered with clear plastic tape. The cooler is strapped shut with strapping tape in at least two 

locations. Since shipping containers for the on-site lab will be hand delivered by the Field Team 

Leader, custody seals are not required. 

• All shipments will be accompanied by the Chain of Custody Record identifyh g the contents. The 

original record will accompany the shipment, and the pink and yellow copies will be retained by 

the sampler for retuming to the sampling office. 

• If the samples are sent by common carrier, a bill of lading should be used. Receipts of bills of 

lading will be retained as part of the pernianent documentation. If sent by mail, the package will be 
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registered with retum receipt requested. Commercial carriers are not required to sign off on the 

custody form as long as the custody forms are sealed inside the sample cooler and the custody seals 

remain intact. 

• Samples will be present at the off-site laboratory within one day of sample collection. Samples 

collected and kept ovemight (l.e., not scnt to the lab tbe same day the saniple was collected) will 

remain in the custody ofthe Field Teani Leader. Samples will be refrigerated and secured. 

Laboratory Custody Procedures 

At Sima, the transfer of sample custody is docutnented on the COC. A completed COC must 

accompany all samples collected in the field for laboratory analysis. The saniple receipt department 

receives all samples into the laboiatory. All sample containers are visually inspected for bottle 

breakage and other abnormalities. Any abnormalities are documented in the LIMS "ChkList" feature. 

Any discrepancies between the sample container identification and the COC are noted in the LIMS. 

Client name, address, contact person, name and signature of sample collector, sample description, date 

and time of sample collection, number of containers, matrix, requested analysis and a relinquishing 

signature are required information on the COC. The LIMS "ChkList" form is used to document the 

carrier name, condition ofthe cooler, custody seals (if present), sample containers, presence of required 

COC information, chemical preservation, receipt temperature of samples, as well as if the samples are 

received chilled, on ice, in acceptable containers and within proper holding time. Information on rush 

samples or samples in danger of exceeding hold times are immediately forwarded to the appropriate 

Project Manager. The sample receipt teniperature is measured using a teniperature blank sample. If a 

temperature blank is not available, the measurement of a single representative sample container is 

performed. The acceptance criteria for receipt ten perature are 0.1 - 6 C. Samples that are delivered 

within 2 hours of collection are considered acceptable if there is evidence that the chilling process has 

begun (e.g., ice or cooler packs are present). The saniple control personnel sign the COC form prior to 

sample information being logged into the LIMS. 

The Laboratory Project Manager will notify the client of any problem with a sample. This notification 

will be documented by the laboratory. 
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All samples received at the laboratory are logged into the LIMS. The LIMS assigns a unique 

laboratory sample number to each satnple. Moreover, each container for a given saniple is issued a 

unique container identification number. 

Login personnel determine which analysis is required for a given sample from the information provided 

on the COC. 

'fhe sample COC, LIMS "ChkList" form and any other shipping paperwork are placed into a project 

file which is given to the Project Manager. 

Final Evidence Files 

The final evidence file will be the central repository for all documents which constitute evidence 

relevant to sampling and analysis activities as described in this QAPP. Baker is the custodian of the 

evidence file for the City of Gary and maintains the contents of evidence files for the site in a secured, 

limited access area and under custody of the Baker Project Manager. The inforniation from the files 

will be available to the City of Gary upon request. A$er five years Baker will be responsible for 

archiving the files. 

The fmal evidence file will include at a minimum: 

• field logbooks 

• field data and data deliverables 

• photographs 

• drawings 

• soil boring logs 

• laboratory data deliverables 

• data validation reports 

• data assessment reports 

• subcontractorreports 

• progress reports, QA reports, interim project reports 
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2.5 	Quality Control Requirements 

Quality control (QC) is the system of technical activities that measures the performance of a process. 

Different QC checks and samples are used to both prevent and identify specific sources of error in a 

particular process/activity. There are two general types of QC checks and samples: 

• Batch-specific QC: These include QC samples that are handled, prepared and analyzed 

concurrently with environmental san ples to ensure that the procedures used to collect, transport 

and analyze a group/batch of samples are performed under known, well-defined conditions. 

• Sample-specific QC: These include QC samples that are used to evaluate potential sources of error 

in the collection, transport and analysis of individual samples. 

The remainder of this section presents the QC checks and satnples used for the post-excavation 

sampling program. 

2.5.1 Field QC Requirements 

Field measurements will be collected following the procedures outlined in Section 5 of SAP (Appendix 

B), Section 4.0 of this QAPP and SOPs in Appendix C. QC procedures for pH, Eh, conductivity, and 

temperature, are limited to checking the reproducibility of the measurement by obtaining multiple 

readings on a single sample or standard and by calibrating the instrument properly following 

manufacturer's instructions (Table 2-2). QC procedures for tlhe HNu are limited to on site daily 

calibration according to the manufacturer's instructions. Calibrations standards will be recorded in the 

field logbook along with any corrective actions taken. All standards used for calibration must be from 

the NIST, traceable to NIST standards, or other accepted standards (e.g., USEPA). 

Field duplicate, trip blank, equipment blank, field blank and cooler temperature blanlc will be analyzed 

to assess the quality of the data resulting from the field sampling program. Information gained from 

these analyses further characterizes the level of data quality obtained to support project goals. Each of 
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these types of field QC samples undergo the same preservation, analysis, and reporting procedures as 

the related environmental samples. Section 3.3 of the SAP (Appendix B) presents details on the 

procedures to obtain these QC samples. Each type of field QC sample is detailed below. 

Field duplicates are two samples collected as a single sample, split and divided into two portions. 

Field duplicates are collected and analyzed for chemical constituents to measure the precision of the 

sampling methods used. The general level of the QC effort will be one field duplicate for every 20 or 

fewer investigative samples per medium. 

Trip blanks will be submitted for analysis to provide the means to assess the quality of the data 

resulting from the field program. Trip blanks pertain to VOCs only. Trip blanks are used to assess the 

potential for contamination of VOCs resulting from contaminant migration into sample bottles/jars 

during sample shipment and storage. Trip blanks are prepared by the laboratory using organic-free 

reagent water before the sampling event. They are shipped to the site with the sample containers and 

kept with the investigative samples throughout the sampling event. They are then packaged for 

shipment with other VOC environmental samples and sent to the laboratory for analysis. At no time 

after trip blank prepamtion are the trip blank sample containers opened before they reach the 

laboratory. One trip blank will be included in each sample shipping container that contains VOC 

samples. 

Equipment blanks are used to assess the effectiveness of decontamination procedures. Equipment 

blanks are obtained under representative field conditions by collecting the rinse water generated by 

running analyte-free water through sample collection equipment after sampling and decontamination 

and then placing the rinse water in the appropriate sample container for analyses. One equipment blank 

will be collected per each type of sampling equipment used at an area (e.g., trowel, clam bucket, etc.). 

It is anticipated that the backhoe will not be removed from the area until work is completed. If, 

however, the backhoe is removed from an area and then has to be remobilized to the area, another 

equipment blank will be collected. Equipment blanks are analyzed for the same chemical constituents 

as the associated environmental samples. 
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Field Blanks are used to assess the potential for background contamination from the ambient air. A 

sample will be obtained by filing a sample bottle with lab pure water, allowing it to sit uncapped while 

samples are being taken and then recapping and submitting the sample for analysis. 

Cooler temperature blanks monitor the temperature of the cooler in which field samples are 

contained. The preservation requirement for many of the samples is to keep the sample temperature at 

4° C. The cooler temperature blank allows for the measurement of this requirement. One cooler 

temperature blank will be included in each cooler with field samples. 

The type of field QC samples and the required frequency of each type of sample is provided below. 

Field QC Data Quality Indicator Frequency 

FieldDuplicate Precision 1 	field 	duplicate 	per 20 	field 

samples per matrix 

VOC Trip Blank Contamination I 	trip 	blank 	per 	cooler 	that 

(Accuracy/Bias) contains aqueous VOC satnples. 

Equipment Rinsate Blank Contamination 1 equipment blank per sampling 

(Aceuracy/Bias) event per area per matrix 

Field Blank Contamination Frequency 	is 	based 	on 	the 

(Accuracy/Bias) Professional 	Judgement of the 

Field Team Leader. 

Cooler Temperature Blank Preservation 1 cooler ten perature blank per 

(Accuracy/Bias) cooler 

These field QC samples will be handled in the same manner as the field samples. 

Laboratory Quality Control Checks 

The laboratory (Sima) has a QC program used to ensure the reliability and validity of the analysis 

performed at the laboratory (see Appendix D). All analytical procedures are documented in writing as 

SOPs and each SOP includes a QC Section which addresses the mininium QC requirements for the 
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procedure. The internal quality control checks might differ slightly for each individual procedure but 

in general the QC requirements include the following: 

• Field/Trip/Equipment blanks 

• Method blanks 

• Reagentlpreparation blanks (applicable to inorganic analysis) 

• hzstrument blanks 

• Matrix spikes/matrix spike duplicates 

• Surrogate spikes 

• Analytical spikes (Graphite furnace) 

• Field duplicates 

• Laboratory duplicates 

• Laboratory control standards 

• Internal standard areas for GC/MS analysis; control limits 

• Mass tuning for GC/MS analysis 

For a description of the specific QC requirements of this site investigation and the frequency of audit, 

refer to the laboratory SOPs (Appendix D). The QC criteria are also included in the SOPs. 

All data obtained will be properly recorded. 11ie data package will include a full deliverable package 

capable of allowing the recipient to reconstruct QC infonnation and compare it to QC criteria. Any 

samples analyzed in nonconformance with the QC criteria will be re-analyzed by the laboratory, if 

sufficient volume is available. It is expected that sufficient volumes/weights of samples will be 

collected to allow for re-analysis when necessary. 

2.6 Instrument/Equipment Testing and Maintenance Requirements 

Proper maintenance of instruments and equipment is essential to ensuring their readiness when needed. 

Dependent on manufacturer's recommendations, maintenance intervals are established for each 

instrument/equipment. General maintenance activities are provided below. 
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Field Eguipment/Instruments 

The field equipment for this project include thermometers, pH meter, conductivity meter and PID. 

Specific preventative maintenance procedures for this equipment are discussed in the SOPs in 

Appendix C and Table 2-3, and will be conducted in accordance with the manufacturer's specifications. 

Field instruments will be checked and calibrated daily before use. Calibration checks will be 

documented in the field logbook. Routine preventative maintenance as well as per use inspections and 

checkout will be conducted to assure proper operation of the various pieces of equipment (Table 2-4). 

The Field Team Leader will be responsible for implementing and documenting these procedures in the 

logbook. 

LaboratorV Instruments 

At Sima, routine maintenance for all instrumentation is performed according to the manufactures 

recommended procedures (Table 2.5). The frequency of this maintenance is based upon the 

manufacturer's guidance and the experience of the trained analytical staff. Only trained staff and 

certified third party contractors may perform equipment and instrument maintenance and repairs. The 

use of manufacturer-recommended grades or better of supporting supplies and reagents is also a fonn 

of preventive maintenance. For example, gases used in the various gas chromatographs and metals 

instrunients are of sufficient grade to minimize fouling of the instmment. The routine use of septa, 

chromatographic colunu s, and other supporting supplies from reputable manufacturers will assist in 

averting unnecessary periods of instrument downtime. An inventory of critical spare parts will also be 

maintained by the laboratory to minimize instrument downtime. Records of maintenance activities are 

maintained at the laboratory. 
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2.6.1 Instrument Calibration and Frequency 

Field Instruments 

Field instruments will be calibrated daily and as needed according to SOP F201and F203 for On Site 

Water Quality Testing and Photoionization Detector — PID, and according to manufacture's 

specifications. Calibration procedures, corrections, and readings will be documented in the field 

notebook per SOP F301 

Laboratory Instruments 

All instrumentation used to perform chemical measurements must be properly calibrated to obtain valid 

and usable results. Calibration procedures for a specific laboratory instrument will consist of initial 

calibration (generally three to five points), initial calibration verification (inorganic methods only), and 

continuing calibration verification. In all cases, an independently prepared standard (i.e., from a 

second source or a different lot number from the primary source) will be used as a calibration 

verification solution or as the LCS/MS spiking mix. 

All standards used to calibrate analytical instruments must be obtained from the National Institute of 

Standards and Technology (hIIST) or through a reliable commercial supplier with a proven record for 

quality standards. All commercially supplied standards will be traceable to NIST reference standards, 

where possible, and appropriate documentation will be obtained from the supplier. In cases where 

documentation is not available, the laboratory will analyze the standard and compare the results with 

U.S. EPA-known or previous NIST-traceable standard. 

Calibration procedures, frequency requirements, acceptance criteria, and conditions that require 

recalibration are described for each analytical procedure in the applicable laboratory SOPs included in 

Appendix D ofthis QAPP and Table 2-5. 
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2.7 	Inspection/Acceptance Requirements for Supplies and Consumables 

Evaluation and selection of suppliers and vendors is done, in part, on the basis of the quality of their 

products, their ability to meet the demand for their products on a continuous and short-term basis, the 

overall quality of their services, their past history, and competitive pricing. This is achieved through 

evaluation of objective evidence of quality furnished by the supplier, which can include certificates of 

analysis, recommendations and proof of historical compliance with similar programs for other clients. 

To ensure that quality critical consumables and equipment conform to specified requirements, all 

purchases from specific vendors are approved by a member of the supervisory or management staff. 

Chemical reagents, solvents, glassware and general supplies are ordered as needed to maintain 

sufficient quantities on hand. Purchasing guidelines for equipment and reagents meet with the 

requirements of the specific method and testing procedures for which they are being purchased. 

2.8 	Data Acquisition Requirements (Non-direct measurements) 

This Section ofthe QAPP describes sources of previously collected data and other information that will 

be used to make project decisions. Since only Phase I's with no sampling and analysis have been 

performed to date at these sites, no data eirists. Decision making for this project will be based solely on 

the samples taken during the field activity. The analytical results will be compared to the IDEM VRP- 

based screening criterias. Further details on this comparison process is provided in Section 1 of the 

QAPP. 

As preparation of the Phase II investigation the following reports were reviewed: 

• Phase I Environmental Site Assessment, Report Section l, J-Pit Redevelopment Sites, Gary, 

Indiana, July 2002, Environmental Design Intemational 

• Phase I Environmental Site Assessment, Report Section 2, J-Pit Redevelopment Sites, Gary, 

Indiana, July 2002, Environmental Design Intemational 



J-Pit Redevelopment Site 
QAPP 

Revision 1 
Date: July 2002 

 Section 2.0 
Page 37 

• Phase I Environmental Site Assessment, Report Section 3, J-Pit Redevelopment Sites, Gary, 

Indiana, July 2002, Env'uonmental Design Intemational 

• Phase I Environmental Site Assessment, Report Section 4, J-Pit Redevelopment Sites, Gary, 

Indiana, July 2002, Environmental Design International 

• Phase I Environmental Site Assessment, Report Section 5, J-Pit Redevelopment Sites, Gary, 

Indiana, July 2002, Environmental Design International 

• Hydrogeologic Report, from the Permit Application Glenwood Ridge, Restricted Wastes Disposal 

Facility, Lake County, Indiana, Volume 2 of 2. Mareh, Rust Enviroiunental. 

2.9 Data Management 

All data generated through field activities, or by the laboratory operation, will be reduced and validated 

prior to reporting, No data will be disseminated by the laboratory until it has been subjected to the 

procedures summarized below 

Field data will be transcribed directly from tbe instrument into the field logbook. If errors are made, 

results will be legibly crossed out, initiated and dated by the person recording the data, and corrected in 

a space adjacent to the original entry. Log books will be periodically reviewed by the FTL to ensure 

that records are complete, accurate, and legible. 

Data at the laboratory is automatically entered into the LIMS from the instruments. In instances where 

instruments do not provide a"data dump" into the LIMS, the information is manually entered. Various 

checks are performed by the laboratory to ensure the integrity of the data. The laboratory will provide 

the analytical results electronically to Baker. 

Baker's data management group will receive the analytical data from the laboratory electronically 

Baker will check at a minimum ten percent of the electronic deliverable against the hard copy reports 

provided by the laboratory. Transcription errors will be documented and changed in the electronic 
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version of the data. Baker's data managenient group will incorporate data validation qualifiers into the 

electronic version of the data prior to use in the assessment phase of the project. 

Upon successful completion of the data validation process for both the on-site and off-site data, the 

analytical results witli validation qualification will be tabulated and stored on computer disks. The 

results will be presented in a user-friendly tabular format. The presentation will facilitate the review 

and use ofthe data to meet the project objectives. 

2.10 Final Document 

An outline of proposed Phase II Investigation report is as follows: 

TABLE OF CONTENTS 
1.0 	Introduction 

1.1 	Site Background and Setting 
1.2 	Summary of Previous Investigations 
1.3 	Summary of VRP Ecological Survey 
1.4 	Site Geology/Hydrogeology 

2,0 	Phase II Investigation 

2.1 	Sample Methodology 
2.2 	Soil Sampling 
2.3 	Sediment and Surface Water Sampling 
2.4 	We1lInstallation/Development 
2.5 	Groundwater Sampling 
2.6 	Site Survey 

3.0 	Results 

3.1 	Soil Sampling Results 
3.2 	Sediment and Surface Water Sampling Results 
3.3 	Groundwater Sampling Results 

4.0 	Conclusions 

5.0 	Reconnnendations 



J-Pit Redevelopment Site 
QAPP 

Revision 1 
Date: July 2002 

Section 2.0 
Page 39 

LIST OF TABLES 

Tables 

1 	Soil Analytical Results 
2 	Sediment/Surface Water Results 
3 	Groundwater Sanipling Results 
4 	Groundwater Elevation Data 

LIST OF FIGURES 

Fikures 

1 	Site Location Map 
2 	Site Map 
3 	Soil, Sediment and Surface Water Sanipling Location Map 
4 	Groundwater Flow Diagram 

LIST OF APPENDICES 

Aooendices 

A 	V3 Ecological Assessment 

B 	Soil Boring Logs/Well Construction Diagrams 

C 	Photo Documentation 

D 	Analytical Results 
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3.0 ASSESSMENT/OVERSIGHT 

3.1 	Assessment and Response Actions 

Performance and system audits of both field and laboratory activities will be conducted to verify that 

sampling and analysis are performed in accordance with the procedures established in the SAP and 

QAPP. These audits provide an indication of the data quality generated by the investigation. The 

audits of field and laboratory activities include two independent parts: internal and extemal audits. 

Field Performance and System Audits 

Internal Field Audits 

Internal Field Audit Responsibilities 

The role of the QA Manager, including Quality Assurance, is described in Section 3.0. His/her 

responsibilities will include intemal audits of field activities including sampling and field 

measurements. 

Intemal Field Audit Frequency 

These audits will evaluate compliance with established procedures. Intemal field audits will be 

conducted at least once at the beginning of sampling and analysis activities, so that problems, if any, 

and their solutions can be identified early. One additional audit may be conducted during subsequent 

sample collection activities. 

Internal Field Audit Procedures 

The audits will include examination of field sampling records, field instrument operating records, 

sample collection, handling and packaging in compliance witih the established procedures, maintenance 

of QA procedures, chain-of-custody, etc. Follow-up audits will be conducted as required to correct 

deficiencies. The audits will involve review of field measurement records, instrumentation calibration 

records, and sample documentation. 
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External Field Audits 

Extemal Field Audit Responsibilities 

Sima is a contracted laboratory for IDEM and is a nelap accredited laboratory under the Illinois EPA 

accreditation program (Appendix D) 

Extemal Field Audit Freguency 

Extemal freld audits may be conducted any time during the field operations. These audits may or may 

not be announced and are at the discretion of the USEPA or IDEM. 

Overview ofthe Extemal Field Audit Process 

Extemal field audits will be conducted according to the field activity information presented in the 

QAPP. 

Performance and system audits for sampling and analysis operations consist of on-site review of field 

and laboratory quality assurance systems and on-site review of equipment for sampling, calibration, 

and measurement. 

Laboratory Performance and Systems Audits 

A performance audit is a check by Quality Assurance personnel of the major analyses conducted in the 

laboratory. This audit consists of, but is not limited to: 

• A blind check sample for each department. 

• Determination that proper quality control and corrective action procedures were employed in 

analysis of the blind sarnple 

• Oversight of all analysts perfom ing their majorjob function. 

• Insure propertechnique 
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A report of deficiencies determined in the performance audit will be submitted to laboratory 

management and immediate corrective action procedures will be adopted. 

System audits are checks performed by quality assurance personnel of the entire laboratory operations. 

This audit consists of cradle to grave tracking of randomly selected samples through the entire analysis 

process. The audit contents will consist of, but not be limited to: 

• Sample receipt practices, chain of custody 

• Analysis 

m Proper quality control 

• Proper corrective-action documentation 

® Records keeping and data storage 

• Instrument prevention maintenance 

• Review of final report 

A report of deficiencies determined in the system audit will be submitted to management and 

inunediate corrective action procedures will be implemented. The report becomes part of the 

permanent laboratory record. 

Intemal Laboratory Audits  

Performance and system audits are designed to assess the quality of the total laboratory operation and 

to assure adherence to the quality control procedures specified in this QAPP. 
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Internal Lab Audit Responsibilities 

The internal laboratory audit will be conducted by laboratory QA officer. 

Internal Lab Audit Freguency 

Both perfonnance and system audits should be conducted semi-annually. 

Intemal Lab Audit Procedures  

The internal lab system audits will include an examination of laboratory documentation on sample 

receiving, sample log-in, sample storage, chain-of- custody procedures, sample preparation and 

analysis, instrument operating records, etc. The performance audits will involve preparing blind QC 

samples and submitting them along with project sanples to the laboratory for analysis throughout the 

project. The laboratory QA Officer will evaluate the analytical results of these blind perforn ance 

samples to ensure the laboratory niaintains acceptable QC performance. 

Extemal Laborato  Audits 
,L--L~ 

The lab is part of telaps certification process, a copy of their certification from the state of Illinois is 

providedin Appendix D. 

Extemal Lab Audit Responsibilities 

Extemal field audits may be conducted any time during the field operations. 

Extemal Lab Audit Frequency 

The frequency of the extemal audit will be at the discretion of the auditing agency (i.e., USEPA and 

IDEM). An extemal lab audit may be conducted at least once prior to the initiation of the sampling and 

analysis activities. 

Overview of the External Lab Audit Process 

Extemal lab audits will include (but not be limited to) review of laboratory analytical procedures, 

laboratory on-site audits, and/or submission of performance evaluation samples to the laboratory for 

analysis. 
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Corrective Action 

Corrective action is the process of identifying, recommending, approving and implementing measures 

to counter unacceptable procedures or out of quality control performance which can affect data quality. 

Corrective action can occur during field activities, laboratory analyses, data validation and data 

assessment. All corrective action proposed and implemented will be documented in a quality assurance 

report to management. Corrective action should only be implemented a$er approval by the Project 

Manager, or his designee, the Field Team Leader. If immediate corrective action is required, approvals 

secured by telephone from the Project Manager should be documented in an additional memorandum. 

For noncompliance problems, a formal corrective action program will be determined and implemented 

at the time the problem is identified. The person who identifies the problem is responsible for notifying 

the Project Manager or his designee if the problem occurs in the field, or the laboratory Project 

Manager if the problem occurs in the laboratory. Information on these problems will be promptly 

communicated to Baker's Field Team Leader and/or Project Manager who will communicate this issue 

to the City of Gary. Implementation of corrective actions will be confirmed in writing through the same 

channels. 

Any nonconformance with the established quality control procedures in the QAPP or SAP will be 

identified and corrected in accordance with the QAPP. 

Corrective actions will be implemented and documented in the field logbook. No staff member will 

initiate corrective action without prior conununication of findings and approval by the Project 

Manager. Corrective actions will be defined by the auditor and implemented to the satisfaction of the 

Project Manager. If corrective actions are insufficient, work may be stopped by a stop-work order 

issued by the Baker Project Manager or City of Gary. 

Field Corrective Action 

Technical staff and project field personnel will be responsible for reporting all suspected technical or 

QA nonconformance or suspected deficiencies of any activity or issued document by reporting the 
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situation to the Field Team Leader or his/her designee. The Field Teani Leader will be responsible for 

assessing the suspected problem, consulting with the Baker Project Manager on the problem and 

anticipated change, and implementing the change. If it is determined that the situation warrants a 

reportable nonconformance requiring corrective action, then a nonconformance report will be initiated 

by the Baker Project Manager. 

The Baker Project Manager will be responsible for infonning the City of Gary of the nonconformance. 

The City of Gary Project Manager or designee will inform IDEM and/or USEPA Project Manager of 

the problem. 

The Baker Project Manager will be responsible for ensuring that corrective action for nonconformance 

is initiated by: 

• Evaluating all reported nonconformance. 

• Controlling additional work on nonconforming items. 

• Determining disposition or action to be taken. 

• Maintaining a log of nonconformance. 

• Reviewing nonconformance reports and corrective actions to be taken. 

• Ensuring nonconfonnance reports are included in the fmal facility documentation in project 

files. 

If appropriate, the Baker Project Manager will ensure that no additional work that is dependent on the 

nonconforming activity is perfornied until the corrective actions are completed. 
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Corrective action for field measurcments niay include: 

• Repeating the measurement to check the error. 

• Checking all proper adjustments for ambient conditions such as temperature. 

• Checking the batteries. 

• Checking the calibration. 

• Re-calibration. 

• Replacing the instrument or measurement device. 

• Stopping work (if necessary). 

All changes will be evaluated based on the potential to impact the quality of the data. The Baker 

Project Manager has ultimate responsibility for all site activities. In this role, the Project Manager at 

times is required to adjust the site programs to accommodate site-specific needs. When it becomes 

necessary to modify a program, the responsible Field Team Leader notifies the Baker Project Manager 

of the anticipated change and implements the necessary changes. The Baker Project Manager or his 

designee must approve all changes verbally and/or in writing prior to field implementation by the Field 

Team Leader. The Project Manager will be notified when any field changes are made. 

All problems and corrective actions will be documented in the field logbook by the Field Team Leader. 

No field team member will initiate corrective action without prior communication of findings through 

the proper channels. The action taken during the period of deviation will be evaluated in order to 

determine the significance of any departure from established program practices and action taken. If 

corrective actions are insufficient, work may be stopped by the Field Team Leader following 

instructions from the Project Manager or other designee. 
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Laboratory Corrective Action 

Corrective action in the laboratory may occur prior to, during and after initial analyses. A number of 

conditions such as broken sample containers, multiple phases, low/high pH readings, potentially high 

concentration samples may be identified during sample log-in or just prior to analysis. Following 

consultation with lab analysts and section leaders, it may be necessary for the laboratory QA Manager 

to approve the implementation of corrective action. The submitted standard operating procedures 

(SOPs) specify some conditions during or after analysis that may automatically trigger corrective 

action or optional procedures. These conditions may include dilution of samples, additional sample 

extract cleanup, automatic reinjection/reanalysis when certain quality control criteria are not met, etc. 

It is the responsibility of the analyst and the laboratory QC Manager to develop and implement 

corrective action. It is the responsibility of the laboratory QC Manager and the Laboratory Manager to 

approve corrective actions and notify the Baker Project Manager of corrective actions taken. Any 

material modifications will be orally relayed by Baker Project Manager to the City of Gary Project 

Manager. The Cite of Gary Project Manager or designee will itiform the IDEM or USEPA Project 

Manager who should state at the time of notification whether the corrective action is appropriate. 

Corrective actions are required whenever an out-of-control event or potential out-of-control event is 

noted. The investigative action taken is somewhat dependent on the analysis and the event. 

Laboratory personnel are alerted that corrective actions may be necessary if: 

• QC data are outside the warning or acceptable windows for precision and accuracy; 

• Blanks contain target analytes above acceptable levels; 

• Undesirable trends are detected in spike recoveries or RPD between duplicates; 

• There are unusual changes in detection limits; 
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• Deficiencies are detected by the QA Department during intemal or external audits or from the 

results of perfonnance evaluation samples; or 

• Inquiries conceming data quality are received. 

Corrective action procedures are often handled at the bench level by the analyst, who reviews the 

preparation or extraction procedure for possible errors, checks the instrument calibration, spike and 

calibration mixes, instrument sensitivity, and so on. If the problem persists or cannot be identified, the 

matter is referred to the laboratory supervisor, manager and/or QC department for further investigation. 

Once resolved, full documentation of the corrective action procedure is filed with the QC department. 

These corrective actions are performed prior to release of the data from the laboratory. The corrective 

actions will be documented in both the laboratory's corrective action log (signed by analyst, section 

leader and quality control coordinator), and the narrative data report sent from the laboratory to the data 

validator. If corrective action dos not rectify the situation, the laboratory will contact the Baker Project 

Manager. 

3.2 	Reports to Management 

QUALITY ASSURANCE REPORT TO MANAGEMENT 

The deliverables associated with the tasks identified in the Work plan will contain separate QA sections 

in which data quality information collected during the task is summarized. Those reports will be the 

responsibility of the Project Manager and will include the QA Officer report on the accuracy, precision, 

and completeness of the data as well as the results of the performance and system audits, and any 

corrective action needed or taken during the project. 
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Contents of Proiect OA Renort 

The QA report will contain all results of field and laboratory audits, all information reflecting the 

achievement of specific data quality objectives, and a summary of corrective action that was 

implemented, and its iinmediate results on the project. The status of the project with respect to the 

Project Schedule included in the QAPP will be determined. Whenever necessary, updates on training 

provided, changes in key personnel, anticipated problems in the field or lab for the coming month that 

could bear on data quality along with proposed solutions, will be reported. Detailed references to 

QAPP modifications will also be highlighted. The QA report will be prepared in written, final format 

by the Project Manager or his designee. 

In the event of an emergency, or in case it is essential to implement corrective action immediately, QA 

reports can be made by telephone to the appropriate individuals, as identified in the Project 

Organization or Corrective Action Sections of this QAPP. However, these events, and their resolution 

will be addressed thoroughly in the next issue of the monthly QA report. 

Frequency of OA Report 

The QA Report will be incorporated into the final project report. The report will cover without 

interruption, the project through completion. The frequency of any emergency reports that must be 

delivered verbally cannot be estimated at the present time. 

Individuals Receivine/Reviewing OA Report 

All individuals identified in the Project Organization chart will be notified about QA problems/issues. 
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4.0 DATA VALIDATION AND USABILTY 

To properly utilize the results of the sampling investigation and laboratory analyses, the quality of the 

resulting field and analytical data must be assessed. Only data of appropriate quality should be used to 

produce conclusions about the Site. To produce a meaningful Phase II ESA, data must reflect the 

objectives listed in Section l. In the event the objectives are not fulfilled, additional data may need to 

be required to reconcile the inadequacies. Consequently, data collected as part of this program needs to 

be verified and validated and its usability defined before producing any conclusions about the site from 

the data. 

4.1 	Data Verification and Validation Procedures 

4.1.1 Field Verification 

Field notes will be verified by the Baker Project Manager. Daily, the Baker Project Manager will 

review the field logs for completeness, accuracy and compatibility between sample locations and field 

samplers. He/She will sign and date the field log entry after review. Any required corrective action 

will be addressed with the field samplers prior to further work. 

Chain-of-custody (COC) forms and shipping documentation will be reviewed by the Baker field 

samplers by comparing the information on the forms to the actual samples in the coolers. 

Audit reports and associated corrective actions will be reviewed by the Baker Project Manager to 

ensure that appropriate corrective actions are being taken. He/She wlll sign and date the corrective 

action report after review. 

Field Data Reduction Procedures 

Field data reduction procedures will be minimal in scope compared to those implemented in the 

laboratory setting. Only direct read instrumentation will be employed in the field. The use of pH 

meters, thermometers, an HNu, and a probe to measure specific conductance will generate some 

measurements directly read from the meters following calibration per manufacturer's recommendations. 

Such data will be written into field log books immediately after measurements are taken. If errors are 
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made, results will be legibly crossed out, initialed and dated by the field member, and corrected in a 

space adjacent to the original (erroneous) entry. Later, a$er the result forms required for this study are 

filled out, the forms will be proofed to determine whether any transcription errors have been made. 

4.1.2 Laboratory Verification 

The laboratory verification procedures ensure that data sets are complete, SOPs are followed, and 

documenting complete analytical events. Additionally, Sima evaluates each data set in accordance 

with the method performance criteria provided in Section 1. A brief description of the laboratory 

verification process is presented below. 

Data Review 

Sima Laboratory implements a two-tier review process. The first review is a technical review 

performed by the laboratory technician that conducted the analysis. This involves ensuring that the 

calculations are correct and that QC requirements were met. Quality control data (e.g. laboratory 

duplicates, sun'ogates, matrix spikes, and matrix spike duplicates) will be compared to the method 

acceptance criteria. The Data Review Form/QC Checklist is initiated by the Technician to document 

this review. Acceptable data are not ready for incorporation into the Laboratory Management 

Information System (LIMS). The Data Review Form/QC Checklist is now given to a peer 

knowledgeable ofthe analytical process, a Senior Technician, Unit Supervisor, QA/QC Director or the 

General Manager. A copy of the checklist is provided as Appendix D. 

The second tier review is a verification of the review done by the analyst. This step is documented on 

the Data Review ForndQC Checklist. Data entered into the LIMS electronically may be reviewed 

electronically. Data entered into the LIMS manually must be reviewed using the raw data, where a 

representative number of calculations are verified and the quality control parameters are evaluated. 

After this review, the data are now available for approval in the LIMS. If approved, data are logged 

into the project database format. Unacceptable data shall be appropriately qualified in the project 

report. Case narratives will be prepared which will include information concerning data that fell 
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outside acceptance limits, and any other anomalous conditions encountered during sample analysis.. 

AHer approval, the data are reviewed by the laboratory Project Manager and released to the client. 

Data Recordine 

Laboratory data recording procedures will be conducted in accordance witb the following protocol: All 

raw analytical data will be recorded in numerically identified laboratory notebooks. These notebooks 

will be issued only by the Laboratory QA Manager. Data are recorded in this notebook along with 

otber pertinent information, such as the sample identification number and the sample tag number. 

Other details will also be recorded in the lab notebook, such as the analytical method used (SOP 

Number), name of analyst, the date of analysis, matrix sampled, reagent concentrations, instrument 

settings, and the raw data. Each page of the notebook shall be signed and dated by the analyst. Copies 

of any strip chart printouts (such as gas chromatograms) will be maintained on file. Periodic review of 

these notebooks by the Lab QA Manager takes place prior to final data reporting. (Records of 

notebook entry inspections are maintained by the Lab QA Manager.) 

Data Reduction 

The analytical SOPs provided in Appendix D provide the formulae used in data conversions (e.g., 

calculation of dry weight field sample concentrations) and the calculations used to quantitate the 

compound/element concentration from the instrument readouts. For this project, all solid sample 

results will be presented as dry weight; therefore, the data conversion will be conducted for each solid 

sample. In the process, the actual instrument priutout provides information to calculate the analytes 

concentration. All calculations are checked by the laboratory section supervisor at the conclusion of 

each operating day. Errors are noted, corrections are made, but the original notations are crossed out 

legibly. Analytical results for soil samples shall be calculated and reported on a dry weight basis. 
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4.2 VALIDATION 

Data Validation 

Data validation procedures shall be performed for both field and laboratory operations as described 

below. Data validation will be performed by ECT CON 

4.2.1 Procedures Used to Evaluate Field Data 

Procedures to evaluate field data for this project primarily include checking for transcription errors and 

review of field log books, on the part of field crew members. This task will be the responsibility of the 

Field Team Leader and the QA Manager. 

4.2.2 Procedures to Validate Laboratory Data 

Laboratory analytical data will be validated in accordance with current Data validation will be 

conducted in accordance with the USEPA Contract Labomtory Program National Functional 

Guidelines for Organic and Inorganic Data Review, February 1994, project SOPs, and professional 

judgement. 

One hundred percent of the laboratory analytical data will be subjected to data validation to ensure that 

the data are of evidentiary quality. Validation of analytical data will be completed by an independent 

third party. 

Data validators will review the chemical analytical data packages submitted by the laboratory. 

Analytical results will be validated versus the applicable analytical methods, the SOPs included in 

Appendix D of this QAPP, and the requirements of this QAPP. Validation of these data including the 

use of qualifying flags will conform to the National Functional Guidelines for Data Validation to the 

greatest extent practicable for non-CLP data. It should be noted that the analytical methods chosen for 

this project are from USEPA SW-846 "Test Methods for Evaluating Solid Waste". QC criteria used in 

these methods are often difference than that specified in the data validation guidelines. The criteria to 
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be used for this project are presented in Section 1.5 of this QAPP. The data validator will generate a 

report describing data limitations. The validation of off-site laboratory data will include the review of 

all QC information and raw data. QC supporting information will be reviewed to determine whether 

any data are outside established control limits, and if out-of-control data are discovered, appropriate 

corrective action will be detennined. Any out-of-control data without appropriate corrective action will 

be cause to qualify the affected measurement data. 

The data validation reports will be reviewed by the Baker QA Of£icer and the Baker Data Management 

group. The Baker Data Management group will compare the electronic data to the hard copy (e.g., 

Form 1) provided by the validator. Also, these individuals will incorporate the validator qualifiers into 

the electronic database. After review and incorporation into the database, the individual will sign and 

date the hard copy of the data provided by the validator. 

	

4.3 	Reconciliation with Data Quality Objectives 

	

4.4 	Data Reporting 

Data reporting procedures shall be carried out for field and off-site laboratory operations as indicated 

below. 

Field Data Reporting 

Field data reporting shall be conducted principally througb the transmission of report sheets containing 

tabulated results of all measurements made in the field, and documentation of all field calibration 

activities. 

Laboratory Data Reporting 

The laboratory data packages will consist of all pertinent sample and project information, which will 

include the following (as appl'icable): 
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1. 	Case Narrative: 

- 	Date of issuarnce 

- 	Laboratory analysis performed 

- 	Any deviations from intended analytical strategy 

- 	Laboratory batch number 

- 	Quality control procedures utilized and also references to the acceptance 

criteria 

- 	Laboratory report contents 

- 	Project name and number 

- 	Condition of samples 'as-received' 

Discussion of whether or not sample holding times were met 

Discussion of technical problems or other observations which may have 

created analytical difficulties 

Discussion of any laboratory quality control checks which failed to meet 

project criteria 	 - 

Signature of the Laboratory QA Manager 

2. 	Chemistry Data Package 

- 	Case narrative for each analyzed batch of samples 

- 	Summary page indicating dates of analyses for samples and laboratory quality 

control checks 

- 	Cross referencing of laboratory sample to project sample identification 

numbers 

- 	Data qualifiers to be used should be adequately described 

- 	Sample preparation and analyses for samples 

- 	Sample results 

- 	Raw data for sample results and laboratory quality control samples 

- 	Results of (dated) initial and continuing calibration checks, and GClMS tuning 

results 



J-Pit Redevelopinent Site 
QAPP 

Revision 1 
Date: July 2002 

Section 4.0 
Page 56 

Matrix spike and matrix spike duplicate recoveries, laboratory control samples, 

method blank results, calibration check compounds, and system performance 

check compound results 

Labeled (and dated) chromatograms/spectra of sample results and laboratory 

quality control checks 

The data package for the off-site laboratory will be a"CLP-like " data package consisting of all the 

information presented in a CLP data package and with QC summaries on CLP-like forms. 

All data generated for the Site by the laboratory will be computerized in a format organized to facilitate 

data review and evaluation. The computerized data set will include the data flags provided by the 

laboratory in accordance with their SOPs. The laboratory-provided data flags will include such items 

as: estimated concentration due to poor spike recovery and concentration of chemical also found in 

laboratory bank. 

For Sima, the hard copy final data package shall be delivered within 20 working days of the receipt of 

the last sample set. The electronic data report for each sample set shall be delivered within 20 working 

days of sample receipt. 

The Data Validator comments will indicate that the data are: 1) usable as a quantitative concentration, 

2) usable with caution as an estimated concentration, or 3) unusable due to out-of-control QC results. 

The validator qualifying flags will be incorporated into the electronic database. The final data set used 

to draw conclusions about the site will contain only the data validator qualifiers. 

Baker's data management group wIll receive the analytical data from the laboratory electronically. 

Baker will check at a minimum ten percent of the electronic deliverable against the hard copy reports 

provided by the laboratory. Transcription errors will be documented and changed in the electronic 

version of the data. Baker's data management group will incorporate data validation qualifiers into the 

electronic version of the data prior to use in the assessment phase of the project. 
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Upon successful completion of the data validation process for both the on-site and off-site data, the 

analytical results with validation qualification will be tabulated and stored on computer disks. The 

results will be presented in a user-friendly tabular format. The presentation will facilitate the review 

and use of the data to meet the project objectives. 

4.5 	Usability/Reconciliation with Data Quality Objectives 

The purpose ofthis section is to indicate the methods by which it will be ensured that the data collected 

for this investigation coincides with the project DQOs. The data assessment will be conducted to 

evaluate if the analytical data quality is in compliance with the QC objectives listed in Table 2-1 of this 

QAPP. Additionally, the data will be reviewed for indications of interferences to results caused by 

sample matrices, cross contamination during sampling, cross contamination in the laboratory, and 

sample preservation and storage anomalies. 

Section 1 of this QAPP presents the precision, accuracy, representativeness, completeness and 

sensitivity DQOs for this project. Also presented in Section 1 are the calculations to be used to assess 

adherence to the DQOs for these QC items. 

A review ofthe assessment criteria for these objectives is provided below. 

Accuracy Assessment 

The accuracy of field measurements will be assessed by adhering to proper field sampling and handling 

procedures as well as field instrument calibration procedures. Field measurement accuracy will be 

qualitatively reviewed and assessed 

In order to assure the accuracy of the analytical procedures, the laboratory uses primarily blank spikes 

(Laboratory control samples), system monitoring compounds and matrix spike samples. In general, a 

known amount of a spiking agent is added to a sample. The resulting concentration of the spiked 

compound divided by the true concentration is the percent recovery. Acceptable percent recovery 

limits are provided in Table 1-2. 
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Precision Assessment 

The field precision will be evaluated by calculating the RPDs for duplicate samples. Results of the 

field duplicate samples will be compared to the RPD goal of 50% for soil and 20% for water samples. 

Matrix spiked samples are prepared by dividing the sample into equal aliquots, and then spiking each 

of the aliquots with a known amount of analyte. The matrix spiked duplicate samples will be then 

included in the analytical sample set. The splitting of the sample allows the analyst to determine the 

precision of the preparation and analytical techniques associated with the duplicate sample. The 

relative percent difference (RPD) between the spike and duplicate spike will be calculated and plotted. 

For this project, acceptable RPD for field duplicate samples is <50% for solid samples and < 20% for 

aqueous samples. Table 1-2 presents acceptable RPD limits for analytical duplicate samples. 

Completeness Assessment  

Completeness is the ratio of the number of valid sample results to the total mmmber of samples analyzed 

witlh a specific matrix and/or analysis. For this project, *he completeness goal for the laboratory is 95% 

and for fie1d measurements 90% 

Sensitivitp 

The achievement of inethod detection limits depends on instrument sensitivity and matrix effects. 

Therefore, it is important to monitor the instrument sensitivity to ensure the data quality through 

constant instrument performance. The instrument sensitivity will be monitored through the analysis of 

method blank, calibration check sample, laboratory control satnples, etc. 

Laboratory adherence to these DQOs (precision, accumcy and sensitivity) will be assessed in the data 

validation process described in Section 4 of this QAPP including a review of QC items listed above. 

The analytical data will be validated in accordance with the National Functional Data Validation 

Guidance for Organics and Inorganics. Deviations in the QC criteria will be reported via data 
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qualifying flags, when applieable, or explained in the case narrative if qualification of the data is not 

deemed necessary. Other issues to be noted in the validation report are as follows: 

• Deviations, if any, from the laboratory analytical SOPs 

• Deviations, if any, from the data validation procedures 

• Identification and explanation of elevated reporting limits 

Field adherence to these DQOs (precision, accuracy, and representativeness) will be addressed in the 

Data Assessment Report. Deviations from the DQOs listed in Section 1 will be explained in the Data 

Assessment Report. Any uncertainty (e.g., biased high or biased low) associated with the data based on 

these deviations will be described and incorporated into the decision making process. Field duplicate 

samples will be used to assess precision. Trip and equipment blanks will be used to assess field 

accuracy. To assess the impact of trip and equipment blanks on field samples a comparison between 

the constituents detected in the blank samples and associated field samples will be conducted. 

Constituents detected in the field sample at a concentration less than five times (ten times for typical 

laboratory contaminants - acetone and methylene chloride), the concentration of the same constituent 

detected in the trip blank and/or equipment blank will be attributed to field cross-contamination. In this 

case, the presence of the constituent will not be associate with site conditions and will not be used in 

the decision making process. Other usability issues to be reviewed are as follows: 

• Deviations, if any, from the field sampling SOPs 

• Deviations, if any, from the sampling locations and sample number 

Completeness will be assessed based on the number ofusable data points from the overall project data 

points. Completeness will be calculated on both an area specific and overall project basis.-..For this 
i 

project, a completeness goal of 95% or greater is required for the off-site laboratory and 95% £or field 

measurements. Data points identified as unusable (i.e., data qualified as "R') are not included in the 

completeness calculation. The equation used to compute completeness is presented in Section 1 of this 

QAPP. Information on data completeness will be presented in the Data Assessment Report. If the 

completeness DQO is not meet for an area or the overall project, further evaluation of the site will be 
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required prior to final closure of the area. Further evaluation may or may not include intrusive 

measures. 

Only data generated in association with QC results meeting these objectives and deemed usable by data 

validation will be considered usable for decision-making purposes. Limitations on the data will be 

reported via validation qualifying flags on the data, when applicable. For situations in which validation 

qualifying flags are not appropriate, a description of the limitation and the impact on the use of the data 

will be presented in the Data Assessment Report and taken into consideration in the decision making 

process. 

As stated in Section I of the QAPP, the following evaluation will be performed with the analytical 

results: 

The analytical results will be directly compared to the IDEM VRP-based screening criteria. This 

comparison will be performed in a tabular fonnat. The table will contain the VRP-based screening 

criteria and the analytical results. Analytical results that exceed the screening criteria will be 

bighlighted on the table. If a diserete sampie result exceeds the screening criteria, furtl er evaluation of 

the site will be required prior to final closure of the area. Further evaluation may or may not include 

intrusive measures. 
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FIGURE 3 
THE DATA QUALrl'Y OBJECTIVES PROCESS 

1. STATE THE PROBLEM 
Summarize the contamination problem that will require new environmental data, 

and identify the resources available to resolve the problem. 
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2. IDENTIFY THE DECISION 

Identify the information needed to support the decision, 
and data to address the contamination problem. 

3. IDENTIFlINPUTS TO THE DECISION 
Identify the information needed to support the decision, 

and specify which inputs require new environmental measurements. 

4. DEFINE THE STUDY BOUNDARIES 
Specify the spatial and temporal aspects of the environment 
media that the data must represent to support the decision. 

5. DEVELOP A DECISION RULE 
Develop a logical "if...then..." statement that defines the conditions 

that would cause the decision maker to choose among alternative actions. 

6.SPECIFY LIMITS ON DECISION ERRORS 
Specify decision maker's acceptable limits on decision errors, 

which are used to establish performance goals for limiting uncertainty in the data. 

7. OPTIMIZE THE DESIGN FOR OBTAINING THE DATA 
Identify the most resource-effective sampling and analysis 

desion for generating data that are expected to satisfy the DQOs. 
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LO INTRODUCTION 

This document presents the Sampling and Analysis Plan (SAP) portion of the Quality Assurance 

Project Plan (QAPP) developed for the Limited Phase II Environmental Site Assessment (Phase II 

ESA) of the J-Pit Redevelopment Site (Site) located in the City of Gary, Lake County, Indiana 

(Figure 1-1). Baker Environmental, Inc. (Baker) has been selected by the City of Gary to perform 

the site investigation portion of the Phase II ESA: 

This plan has been prepared to document the scope and objectives of the Phase II ESA investigation 

activities for the approximately 200-acre J-Pit Redevelopment Site and to ensure that Baker staff and 

subcontractors employ procedures/protocols in accordance with the July 1996 Indiana Voluntary 

Remediation Program (VRP) Resource Guide and industry standard engineering and geological 

practices. The SAP serves as a tool for assigning responsibilities and establishing appropriate 

sampling methods, rationale, and number of samples to be collected during the field investigation. 

This SAP is a guide to the project team as to what samples to collect, how to collect them, and what 

analytical methods to use for analysis. 

1.1 	Puroose and Obiective 

The overall objective of the Phase II ESA is to evaluate the presence of chemicals associated with 

recognized environmental conditions identified in the previous Phase I ESAs (or those determined 

during on-going field activities) that exceed IDEM VRP Tier II Residen6al Cleanup Goals for the 

purposes of developing the site as part of the Airport Redevelopment Zone. The SAP has been 

developed following the United States Environmental Protection Agency (USEPA) 7-step data 

quality objective process outlined in Section I of the QAPP. 

Specifically, the SAP has been developed to provide guidance for all field activities including 

detailed descriptions of sampling and data collection methods to be used during various field tasks. 

The development of the SAP helps ensure that sampling and data collection activities are carried 

out in accordance with generally acceptable practices and to demonstrate that data obtained during 

the field investigation are of sufficient quanfity and quality to fulfill project data quality objectives 

(See QAPP Section 1.0). The QAPP, SAP, and HASP have been developed to fulfill these 

objectives. 



1.2 	Samulin2 and Analysis Plan Contents 

The SAP has been organized to present a comprehensive document, which describes the technical 

approach and field operations. The organization of the SAP includes the following Sections: 

Section 1.0- Identifies the objective and the contents of the plan. 

Section 2.0 -Provides background information on the areas to be investigated. 

Section 3.0- Details the technical approach and sampling methods. 

Section 4.0- References 

Appendix C of the QAPP provides a description of the standard operating procedures (SOPs) for 

each field investigation method. The SOPs are for reference purposes and are representative of 

Baker's standard operating procedures. For this reason, the duplication of site speci5c data is not 

included in SOPs. Procedural changes made to the SOPs in the field will be noted in logbooks and 

_ included in the final report. The text of the QAPP and the SAP were generated specifically for the 

Site; thus, if any inconsistencies arise between infonnatIon provided in the QAPP or SAP as 

compared with any portion of the SOPs, the QAPP and SAP take precedence. It is understood that 

the SOPs may be altered, if deemed appropriate, due to unknown site conditions. Any variance from 

the SAP and SOPs due to field conditions will be noted in the field logbook and reported in the final 

report. Although not all of the SOPs are specifically mentioned in the work tasks, they will be 

implemented as needed. 



2.0 SITE BACKGROUND 

The following subsections provide a description of the site regarding location, history, and previous 

investigations 

2.1 	Site Location 

The area is comprised of the approximately 100 acre Greenspace Site (a former sand mine known 

as the J-Pit), and about 100 adjacent acres of abandoned and undeveloped property (Pilot Site). The 

Pilot Site property is comprised of four individual Sections located east of Burr Street, south of 15th 

Avenue, east of the E.J.& E. Railroad and north of 23rd Avenue. The Site is within Sections 11, 12, 

13 and 14, Township 36 North, Range 9 West of the Third Principal Meridian. The Site is in an area 

of mixed usage including residential subdivisions, undeveloped properties, and some industrial areas 

(Figure 2-1). 

2.2 	Site History 

In May 2000, the City of Gary received a USEPA Brownfields Assessment Demonstration Pilot 

Grant. to identify, assess, and begin the redevelopment process for brownfields located within the 

200-acre J-Pit Redevelopment Site, which is a portion of the 8,200-acre Airport Development Zone. 

The Site is at the center of a proposed light industrial, commercial and greenspace complex. One 

of the proposed restoration plans for the J-Pit is to fill in the former excavation with groundwater 

to form a lake. The banks of the new lake would be restored through plantings, construction of 

wetlands, and a trail would be constructed around the lake to connect to the industrial/commercial 

complex and a new city park to be located adjacent to the site. 

In July 2001, Phase I ESAs were performed by Environmental Design Intemational, Inc for the 

approximate 100-acre J-Pit Greenspace Site and adjacent Pilot Site parcels. The Pilot Site is 

comprised of four Sections as described below: 

• Section 1: This Section consists of approximately 20 acres and is bound on the west by 

Hobart Street, on the north by 15th Avenue, on the east by Dallas Street, on the southeast 

by the closed Gary Municipal Landfill and on the southwest by the J-Pit. 



•  Section 2 : This Section consists of approximately 15 acres south of the J-Pit and is bound 

on the south by 21 st Avenue, on the west by Colfax Street, on the north by 22nd Avenue, 

and on the east by Fairbanks Street. The eastern 1/5th of the Section contains a parcel 

formerly occupied by an auto scrap yard. 

•  Section 3:  This Section lies directly south of the closed Gary Landfill and consists of 

approximately 30 acres bound to the east by Colfax Street, Hamlin Street and King Street; 

to the south by 21st Avenue; to the north by 23rd Avenue; and to the west by Calhoun 

Street. 

•  Section 4:  This Section encompasses roughly 40 acres and is bound to the north by 21st 

Avenue, to the south by 23rd Avenue, to the west by Fairbanks Street, and to the east by the 

EJ&E Railroad line. Only the northem 20 acres of this Section are included in the Phase 

II ESA. The remaining 20 acres are a wetland area that is not included in the redevelopment 

project. 

Individual Phase I ESA reports were prepared for each of these Sections and the Greenspace Site 

(i.e. five total reports). Several Recognized Environmental Concerns (RECs) were documented in 

the Phase I ESA Reports. In general, some level of Phase II sampling was recommended for every 

parcel due to their proximity to the closed Gary Municipal Landfill, two Superfund sites (Midco I 

and 9th Avenue Dump), several Leaking Underground Storage Tank (LUST) sites, and specific areas 

judged to constitute RECs as outlined below. 

Section 1:  Although the parcel is predominantly vacant, two small buildings were observed on the 

west side (south of 15th Avenue), an area historically used as a junk yard. Surface and buried refuse, 

tires, an old bus, metal, plastic, and empty 55-gallon drums were observed. 

Section 2:  Structures and scattered piles of debris including shredded tires, two empty 55-gallon 

drums, and scrap metal were observed on the northeast side in the area of the former Paul's Auto 

Yard (a scrap yard once located at 2124 Colfax); and LeRoy's Used Cars (previously located at 2150 

Colfax). The structures at Paul's Auto Yard have been demolished and the ground leveled. As a 

consequence buried material exist at the Site. In addition, scattered rubbish was observed along the 

boundary line with the J-Pit area to the north. 



Section 3 : The north and northwest portions of this parcel reportedly were used in the past for car 

repairs and dumping. Prior to 1990, the Gary Municipal Landfill did not have a slurry wall along 

the approximately 1,200 foot common property line. Active junkyards are located adjacent to 

southwest. Bivona, Inc., to the southeast was listed on the Toxic Release Inventory (TRI) for 

Trichloroethane (TCE), and currently is emolled in the IDEM VRP for chlorinated solvents. Debris, 

scattered piles of rubbish including shredded tires, and stressed vegetation were observed at various 

locations throughout the site. 

Section 4:  Partially buried construction debris was observed near the boundary fence of the J-Pit 

(north border); and railroad tracks are located along the west border. 

Greenspace Site (J-Pit):  At one time this Section was operated by Waste Management as a waste 

area. An oily, rust-colored unknown substance was observed in an approximately 1,300 foot 

excavated ditch located on the north side of the pit. Debris was observed along the perimeter 

including tires, concrete piping, concrete, scrap metal, plastics, and some buried debris. Three 

monitoring wells were observed partially submerged in water on the east side, as well as one well 

in the southeast corner and one in the northeast corner of the site. A groundwater and leachate 

collection system for the closed Gary Municipal Landfill is located on the east side. The system is 

seven feet in diameter, with three inlets from the south, north and northeast. Inlet piping runs under 

vegetation in a ditch extending along the east end of the parcel. The west wall of this ditch is used 

as a servica road. Much of the J-Pit is flooded during the winter and spring months Stressed 

vegetation was observed along the wall of the ditch, five feet from the bottom during the Phase I 

ESA. 

2.3 	Aerial Photoeraphic Review 

As part of the evaluation of site background, Baker reviewed aerial photographs from 1938, 1958, 

1965, 1973, 1987 and 1992, acquired from the records of the Soil Conservation District for Lake 

County, Indiana. In 1938 the site was part of a largely undisturbed dune and swale topography 

typical of the majority of the region. By 1958 the J-Pit sand mine (Section 5) and the Gary 

Municipal Landfill were visible and apparently active. Subsequent photographs indicate periodic 

flooding of the J-Pit and the emerging industrial and semi-industrial development of the surrounding 
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vicinity. The surrounding properties (Sections 1 to 4) remained largely undeveloped, except for the 

construction of subdivisions in Section 2 and some businesses along Colfax Avenue. 

2.4 	Site Geoloev/Hvdroaeolo 

According to the 1992 United States Department of Agriculture (USDA) Soil Conservation Service 

(SCS) Soil Survey of Lake County, Indiana, the site and immediate area are underlain by the 

Oakville-Tawas complex and the Tawas Muck soils. The Oakville-Tawas complex is comprised of 

about 45 percent Oakville sand and 45 percent Tawas Muck. The Oakville sand is a black to 

yellowish brown, excessively drained, fine sand located on narrow ridges. The Tawas muck is a 

black, deep, very poorly drained organic muck underlain with a grayish-brown loose sand in 

depressions between the Oakville sand ridges (1992, USDA, Lake County Soil Survey). The surface 

at the site has been heavily altered by sand mining, filling, grading, spreading gravel and stockpiling 

activities. 

The site is located at the boundary of lacustrine deposits of the Calumet Lacustrine Plain 

physiographic region and the Toleston Beach complex. The Calumet Lacustrine Plain has been 

heavily altered due to industrial and residential development. Where undisturbed, the area is 

dominated by three relict dune-capped beach ridges separated by broad inter-ridge marches. The 

Toleston Beach complex extends from between the Little Calumet River and the Grand Calumet 

River to Lake Michigan and is characterized by linear ridges of unified parabolic dunes interspaced 

with interdunal swamps (dune and swale). The unconsolidated materials were deposited in the 

Wisconsin age, with a combined action of ice, wind and water. The glacial deposits in the vicinity 

and surrounding area have an estimated thickness of 150 feet (1994, Deparhnent of Environmenta► 

Resources Water Resource Availability in the Lake Michigan Region, Indiana). 

The site is within the Calumet Aquifer System consisting of fine to medium sand with beach gravel 

beds. Discontinuous beds of silt, clay and peat deposits confine the aquifer in some locales. The 

aquifer is considered highly susceptible to surface contamination due to the lack of a clay cap or 

separator beds (1994, Department of Environmental Resources Water Resource Availability in the 

Lake Michigan Region, Indiana). Regional groundwater flow is anticipated to be to the north toward 

the Grand Calumet River and Lake Michigan, but due to the location of the site between the Grand 

Calumet and Little Calumet Rivers, local groundwater flow may differ. 
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The unconsolidated soils are underlain by the Wabash Formation within the Kankakee Arch. The 

Wabash Formation is comprised of reef and inter-reef Silurian dolomite, dolomitic limestone and 

argillaceous limestone (1994, USGS Hydrogeologic Atlas of Aquifers in Indiana). 

2.5 	Future Land Use 

The future land use is to redevelop the 200-acre J-Pit Redevelopment Site, within the 8,200 acre 

Airport Development Zone. Included in development process for the J-Pit and Pilot Site is to 

assess and maintain area wetlands, and to fill the J-Pit with groundwater to form a lake. The 

banks of the new lake are to be maintained through the planting and constnxction of wetland 

habitat. A trail would be constructed connecting the industrial/commercial complex and the new 

city park adjacent to the site. The development process will create jobs, provide training 

opportunities for local residents, and establish safe and productive industries. The 

redevelopment process will also facilitate the infusion of tax revenue to the city, further 

improving the quality of life for residents. 



3.0 TECHNICAL APPROACH AND GENERAL FIELD OPERATIONS 

This section presents an overview of the field investigation including specific details of the 

investigations. The field inves6gation shall reflect the criteria to meet the Phase II ESA objectives 

identified in Section 1.0 and the QAPP. 

3.1 	Mobilization 

The field investigation will be initiated through mobilization activities including equipment 

procurement, utility clearances, location of decontamination and drum storage areas, etc. All 

subsurface exploration, field equipment, and decontamination equipment and associated materials 

will be mobilized by Baker's subcontractors. Sample labels, containers, identification numbers, and 

tracking documents will be provided by the contracted laboratory. Remaining sampling equipment 

and other supplies will be collected and provided by the Baker field team. 

3.2 	Field Personnel and Responsibility 

Baker intends to staff the investigation with a Project Manager, a Project Geologist serving as the 

Field Team Supervisor, and a Field Sampling Team. Additionally, administrative and technical 

support will be available for various tasks of the project. Figure 3-1 of the QAPP presents the 

Project Organization Summary. A brief summary of staff employed for the implementation of the 

SAP is provided below. For a further description of key personnel for the project, please refer to the 

QAPP and HASP (Appendix A of the QAPP). 

The Project Manager will have as primary responsibilities: monitoring technical, cost and schedule 

performance; orcbestrating Baker's overall Quality Assurance (QA) efforts, document reviews and 

cost/schedule reviews; and maintaining close communication with the City of Gary, USEPA and 

IDEM project representatives. 

The Project Geologist will locate the sample and monitoring well locations and be responsible for 

on-site technical aspects of the project. He will be the primary contact with City of Gary Project 

Manager throughout the field activities. The Project Geologist will also maintain the field log book, 

maintain all sample documentation, take project photographs, and conduct and supervise sample 
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collection and sample packaging. 

The Field Team Supervisor will be responsible for directing all investigation activities and 

accomplishing the work in accordance with the SAP. The Project Geologist for this project will also 

serve as the Field Team Supervisor. 

The Health and Safety Coordinator will be responsible for assuring compliance with the HASP. In 

addition, he will use air-monitoring instruments to indicate whether or not an upgrade in the level 

of personal protection is necessary. The Project Geologist for this project will also serve as the 

Health and Safety Coordinator. The HASP is bound as a separate project document (Appendix A). 

The Sampling Team will assist the Project Geologist as needed with sample collection, packaging, 

and calibration of field instruments. 

3.3 	Field Activities 

Activities associated with the field investigation include: 

• GeoProbe® and Soil Sampling Investigation 

• Test Pit Soil Sampling 

• Sediment and Surface Water Sampling 

• Installation of Groundwater Monitoring Wells 

• Groundwater Sampling 

Each of the above field activities are discussed in detail in the following sections for each of the five 

Sections of the Site. Optional field activity is presented for use during potential subsequent 

sampling events. 

3.3.1 GeoProbe® Sampling 

The first phase of sampling will be accomplished through the use of a GeoProbe® rig collecting 

surface and subsurface soil samples. The objective of the GeoProbe® sampling is to determine 

whether a release associated with the previously discussed areas of environmental coneern exceed 
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the IDEM VRP Tier II cleanup goals. For each area, a base number of GeoProbe® borings have 

been determined for the initial sampling. General sampling locations for each area are shown on 

Figure 3-1. Actual sample locations will be determined in the field based upon observed areas of 

elevated environmental concern (i.e., buried drums, debris piles, etc.). In the event that additional 

areas are encountered during the field activities, GeoProbe® borings may be relocated, or additional 

borings added to the investigation, pending authorization ffom the City of Gary Project Manager. 

GeoProbe® borings will be located at each of the five Sections (Figure3-1) as follows: 

• Section 1: a total of seven GeoProbe® borings will be advanced. The focus will be on the 

area west of Colfax Street. 

• Section 2: a total of five GeoProbe® borings will be advanced focused on addressing local 

community concems along the southern border. 

• Section 3: a total of eight GeoProbe® borings will be advanced. The focus will be on the 

eastern border with the Bivona VRP site and northern border with the Gary Municipal 

Landfill 

• Section 4: a total of four GeoProbe® borings will be advanced. The focus will be on the 

area west of Colfax Street. 

• Section 5: a total of six GeoProbe® borings will be advanced. The focus will be on the 

western and the southem borders where the native sands still exist above the upper clay 

formation. 

At each sampling location, the GeoProbe® sampler will be fitted with a new acetate sleeve and 

advanced at 4-foot intervals to groundwater (estimated at a depth of 5 to 15 feet bgs). Each 4-foot 

GeoProbe® soil sample will be opened at the surface, screened using a photoionization detector 

(PID) and logged by the on-site geologist. One soil sample will be selected from each borehole 

based upon PID readings, and visual and field indications of the highest soil contamination in each 

boring. In the event that no indications are observed, Non-VOC soil samples will be collected based 

upon on the most likely location of COC based upon the soil type and COC characteristics or other 
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visible signs of contamination, per the observations of an Indiana licensed, professional geologist. 

Soil will be transferred from the GeoProbe® acetate sampler into laboratory supplied jars with a 

decontaminated stainless steel spoon. Soil samples will be placed on ice in a cooler pending 

submittal to the laboratory. The GeoProbe® sampling procedures are presented in Appendix B of 

the QAPP. Following the sampling activities, each GeoProbe® borehole will be backfilled to the 

ground surface with bentonite. 

3.3.2 Test Pit Trenches 

The test pits are to be conducted following the GeoProbe® phase of the investigation. Test pit trenches 

will be conducted in the former Paul's Auto Yard to evaluate subsurface conditions of reported 

historical buried materials or at any other location identified during the GeoProbe® investigation. 

Test pits and trenches permit dettailed exploration of the nature and extent of contamination of in-situ 

materials, and the characteristics and stratification of near surface materials using standard 

equipment to a common depth of up to 15 feet. Test pits normally have a width ranging from two 

to ten feet or greater, depending on the objectives of the excavation and the equipment used. While 

test trenches are elongated test pits, usually three to six -feet wide and extending for any desired 

length. 

Excavation shall commence by removing lifts of no more than 6 to 12 inches of soil. The test pits 

and trenches shall be logged and sampled by the Project Geologist. The field logs shall provide the 

exact dimensions and location of the test pits or trenches as well as soils classification and 

description in accordance with the Baker standard operating procedures in SOP F001 (Appendix C). 

Samples shall only be collected from material in the equipment backhoe bucket, or from the 

excavated material. Prior to and after each test pit excavation or sampling location, equipment shall 

be thoroughly decontaminated. After inspection and completion of the appropriate test pit logs, 

backfill material will be retumed to the pit under the direction of the Project Geologist. Backfilling 

of trenches and test pits is normally accepted practice to reduce immediate site hazards and 

minimize the potential for rainwater accumulation and subsequent contaminants migration. 

During the test pit excavations, three soil samples will be selected for analysis based upon PID 

readings, and visual and field indications of the highest soil contamination. 
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3.3.3 Surface Water Sampling 

Surface water sampling will be collected within the J-Pit at the approximate locations identified on 

Figure 3-1. In addition to the surface water samples collected in the J-Pit, two surface water samples 

will be collected from ditches immediately to the south of Section 2. The locations will address 

local residents concems and will be determined by the City of Gary. Sediment/surface soil samples 

may replace surface water samples within the pit if no surface water is present at the time of sample 

collection. Water samples will be collected from the middle of the water column. The sample will 

be collected at least six inches above the bottom to avoid stirring up the sediment and biasing the 

sample. Care will be taken to minimize sediment disturbance while collecting surface water 

samples. 

Samples will be collected using one of the following sampling devices: dipper cup, sampling bomb, 

Kemmerer sampler, or directly into laboratory bottles, with preservation at the surface, based upon 

site conditions at the time of the sampling event. 

The Kemmerer sampler (preferred method) is a brass, stainless steel or acrylic cylinder with rubber 

stoppers that leave the ends open while being lowered in a vertical position to allow free passage of 

water through the cylinder. A"messenger" is sent down the line when the sampler is at the 

designated depth to cause the stoppers to close the cylinder, which is then raised. Water is removed 

through a valve to fill sample bottles. 

Samples may be collected by immersing either the approved sample container or a glass or nalgene 

beaker into the water. Sample bottles (or beakers) which do not contain preservatives will be rinsed 

at least once with the water to be sampled prior to sample collection. Care will be taken to avoid 

excessive agitation of the water, which may result in the loss of volatile constituents. Additionally, 

samples for VOC and SVOC analyses will be collected first, followed by the samples for RCRA 

metals. Measurements for temperature, pH, specific conductance, or other field parameters, as 

appropriate, may be collected immediately following sample collection for laboratory analyses. 

Samples slated for VOC, SVOC and RCRA metals analysis will be collected directly into laboratory 

supplied bottles and placed on ice pending shipment to the laboratory. All samples will be collected 
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according to SOP 105 and bandled as described in SOP F301 (Appendix C of the QAPP). The 

sampling iocations shall be marked via wooden stakes placed at the nearest bank or shore. 

3.3.4 Sediment Sampling 

Sediment sampling will be collected within the J-Pit at the approximate locations identified on 

Figure 3-1. In addition to the sediment samples collected in the J-Pit, two sediment samples will be 

collected from ditches immediately to the south of Section 2 

Following collection of surface water samples, sediment samples may be collected from the top of 

the sediment to a depth of 0.5 feet. As with surface water samples, sediment samples will be 

obtained using on-shore techniques. Sampling personnel shall use judgment in removing large plant 

fragrnents to limit bias caused by bioorganic accumulation. 

Sediment sampling will be conducted using one of the following sampling devices: hand auger, 

sediment core samples, Eckman or Ponar dredge, based upon site conditions at the time of the 

sampling event. Sediment will be placed in a stainless steel bowl and allowed to drain by partially 

decanting accumulated liquid.  

Sediment corer or bucket (hand) auguring is a viable method for collecting sediment samples in 

shallower locations. The auger hole is advanced one bucket or core at a time, to a depth of 0.5 feet. 

The same bucket auger or sediment corer is used to advance the hole, as well as coilect subsequent 

samples in the same hole. 

Dredges are generally used to sample sediments which cannot easily be obtained using coring 

devices (i.e., coarse grained or partially cemented materials), or when large quantities of materials 

are required: Dredges generally consist of a clam shell arrangement of two buckets. The buckets 

may either close upon impact or be activated by use of a messenger: 

The Eckman dredge performs well where bottom material is unusually soft, as when covered with 

organic sludge or light mud. The Ponar dredge is one ofthe most effective samplers for general use 

on all types of substrates. Access to the secured sample through the covering screen permits 
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sampling of the secured material with coring tubes or Teflon scoops, thus minimizing the chance 

of inetal contamination from the frame of the device. 

Samples will be transferred into laboratory supplied bottles, placed on ice and delivered to the 

contract laboratory for analysis. All samples will be collected according SOP 105 and handled as 

described in SOP F301 (Appendix C of the QAPP). Following sampling, staking of location and 

logging of sampling information shall be conducted. 

3.3.5 Monitoring We1lInstallation 

New monitoring wells will be installed, following the previous field activities using either hollow-stem augers 

or direct push techniques depending on the projected depth of individual wells. Wells to be installed at depths 

of 20 feet bgs or more will require hollow-stem augers to advance the borehole. 

Split-spoon samples will be collected to the boring terminus based upon reviewing boring logs in general 

accordance with ASTM Method D 1586-84. Altematively, where groundwater is encountered less than 20 feet 

bgs, direct push wells may be installed. The wells will be installed directly into the fortnation with a one-inch 

sand 51ter pack. The direct push, or natural filter, wells may have higher percentage fines and lower relative 

hydraulic conductivities, as compared to standard two-inch well installafion. The wells will be developed as 

described below, but may require additional well volumes. Monitoring wells will be installed in each of the 

five Sections as follows (Figure 3-2). 

• Section 1: Four monitoring wells will be advanced with focus on the area west of Colfax 

Street. 

• Section 2: Four monitoring wells will be installed, with one in the area of the former scrap 

yard, two along the residential properties at the south of the Section, and one along the north 

side in the anticipated down gradient direction of the scrap yard. 

• Section 3: Four monitoring wells will be installed, one along the eastem border with the 

Bivona VRP site, one on the northern border with the landfill, one on the eastern border and 

one on the southern border. 

• Section 4: Two monitoring wells will be installed: one in the central area of the Section and 

one across from the railroad tracks. 

• Section 5: two monitoring wells will be installed. These will be installed along the westem 

and northwest borders. Since the J-Pit is at the bottom of the upper overlying sand aquifer, 
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only a limited number of well locations are feasible in the J-Pit. As a consequence staff 

gauges may be used to assist in developing hydrogeologic data for groundwater flow 

diagrams. 

• In addition two existing shallow wells at the City of Gary Landfill property will be evaluated 

and, if feasible, selected for analysis. 

Installation of the monitoring wells will consist of 2-inch diameter, Schedule 40 PVC screen and 

riser. The screen will be 10 feet long with 0.010-inch machined slots. The annulus surrounding the 

well screen will be backfilled from the bottom of the borehole to a minimum of two feet above the 

top of the screen with 10 to 12 mesh silica sand. A two-foot thick bentonite seal will be placed 

above the sand backfill. The remaining annulus surrounding the well riser pipe will be tremie 

grouted with a cement/bentonite grout or suitable grout, as detennined by the on-site geologist. 

Selected locations may be completed as flush-mounted wells or with stick-up protective casings 

depending upon their location relative to roadways and property constraints. Both completion 

techniques will require that the final casing (flush or stick-up) will be embedded in a concrete pad 

and supplied with a locking cap and lock. The pads will be sloped so as to provide positive drainage 

away from the well. 

A description of standard operating procedures for drilling and installing monitoring wells (F100 

through F103) are presented in Appendix C of the QAPP. 

The newly installed monitoring wells will be developed no sooner than 24 hours following 

installation. Prior to development, measurements of the static water level and total depth will be 

recorded for well volume calculations. A minimum of three and a maximum of five well volumes 

will be evacuated either through bailing or pumping. The field parameters of pH, specific 

conductance and temperature will be recorded in the field books after each well volume has been 

evacuated. The wells will not be considered developed _until stability of the field parameters 

(typically less than 10 percent change between three successive measurements) or evacuation of a 

maximum of five volumes has occurred. All discharge waters will be handled in accordance with 

SOP F504 - Handling of Site Investigation Derived Waste (Appendix C of the QAPP), as discussed 

in Section 3.3.6. 
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3.3.6 Groundwater Sampling 

An initial groundwater sampling event will be conducted one week following the development of 

the new monitoring wells. Figure 3-2 shows the location of these wells. Prior to purging, static 

water level and total depth measurements will be recorded for well volume calculations. As with 

well development, a minimum of three and a maximum of five well volumes will be evacuated prior 

to sampling. The preferred well evacuation/sampling method is the use of a submersible pump. 

Other acceptable well evacuation methods include a peristaltic pump or bailer. 

Measurements of pH, specific conductivity, and temperature will be recorded affer the evacuation 

of each well volume. The wells will not be considered sufficiently purged until stability of the field 

parameters (typically less than 10 percent change between three successive measurements) or 

removal of a maximum of five volumes has occurred. 

Each groundwater sample will be analyzed for the following parameters: . 

• Volatile organic compounds (VOCs) - SW-846 Method 8260 

• Semi-volatile organic compounds (SVOCs) - SW 846 Method 8270 

• RCRA metals - SW-846 Methods 

RCRA metals will be collected in preserved sampling bottles. The SOP for groundwater (1 7 104) 

sample collection is presented in Appendix C of the QAPP. 

3.3.7 Site Survey 

Following field activities, the sample locations will be measured for horizontal control by V-3 

Consultants personnel. New monitoring wells will be surveyed to already existing monitoring wells 

L., for vertical and horizontal control. The survey will be performed with standard, acceptable 

surveying practices as required by the State of Indiana. All surveying will be conducted under the 

supervision of a Registered Land Surveyor licensed in the State of Indiana. 

3.3.8 Decontamination and Waste Handling 

Prior to field activities, between each boring location, and prior to leaving the site, hollow- augers, 
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mud rotary tooling, and all associated drilling and sampling equipment will be steam cleaned in 

order to prevent cross-contamination. During field activities, tooling, split-spoon samplers, and 

associated sampling equipment will be decontaminated via the following six step procedure: 

• Alconox soap and potable water wash 

• Potable water rinse 

• Isopropyl alcohol or methanol wash 

• Distilled water rinse 

• Nitric acid (5%) wash 

• Triple distilled water rinse 

This same sequence for decontamination will be used for smaller equipment (such as spoons, 

trowels, and bailers), but without steam cleaning. Personal decontamination steps are described in 

the HASP (Appendix A of the QAPP). 

Purge water and associated decontamination fluids, will be placed into properly labeled 55-gallon 

drums or polyvinyl tanks, and stored in a secured area within the property pending analytical results. 

Soil cuttings may be drummed or stockpiled on plastic sheeting, covered with plastic sheeting and 

disposed with the soils to be excavated. Health and safety disposables, such as sampling gloves, 

paper towels, or other materials which may come in contact with potentially contaminated materials 

will be placed in suitable containers and stored with the solid and fluid wastes pending analytical 

results. 

Purged water and investigation derived waste (IDW) will be discharged into fifty-five gallon drums 

and stored on-site until the status of groundwater quality is detennined, for later disposal by the City 

of Gary. Baker will collect representative samples during the generation of the IDW for the City of 

Gary.  

Appendix C of the QAPP presents SOPs for Decontamination of Drilling Rig and Monitoring Well 

Chemical Sampling (17501), Field Analytical Equipment Decontamination (F502), and Handling of 

Site Investigation Wastes (17504), respectively. 
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3.4 	Sample Analysis and Preservation 

The samples will be analyzed for the following parameters (See Table 3-1 and Table 3-2): 

• Volatile Organic Compounds (VOCs) analyzed via USEPA SW-846 Method 8260B. 
• Semi-Volatile Organic Compounds (SVOCs) analyzed via USEPA SW-846 Method 8270A. 
• Metals (As, Ba, Cd, Cr, Pb, Se, and Ag) are analyzed via USEPA SW-846 Method 6010Hg 

is analyzed via USEPA Method SW-846 method 7471a for solid and 7470a for aqueous. 

All samples will be preserved with ice to a temperature of 4 0  Celsius prior to transportation to the 

analytical laboratory (routine groundwater samples). Aqueous samples (groundwater, Quality 

Assurance/Quality Control [QA/QC] samples and blanks) to be analyzed for VOCs will be preserved 

with hydrochloric acid to a pH of less than 2. Aqueous samples to be analyzed for RCRA metals 

will be preserved with nitric acid (HNO3) to a pH of less than 2 and field filtered prior to preserving 

the sample. 

The number and type of samples for each sampling event are described on Table 3-1. Appendix D 

of the QAPP presents the Sample Preservation SOP. 

3.5 	Quality Assurance/Ouality Control 

During the field activities, an appropriate number of QA/QC samples will be collected in order to 

verify the accuracy of data supplied by the on-site laboratory. Duplicate samples will be collected 

at a ratio of one duplicate in 10 samples (10 percent) and one matrix spike/matrix spike duplicate 

(MS/MSD) in 20 samples (5 percent). This ratio of QA/QC sample collection will be maintained 

during each subsequent routine sampling event. In addition to the duplicates and MS/MSD samples, 

an appropriate number of rinsate blanks and trip blanks will be collected as specified in the QAPP_ 

3.6  Sample Numberine 

Subsurface soil samples will be designated with a SB prefix (for Soil Boring)) and boring number 

followed by the individual sample number from that location. An example of this would be SBO1- 

O1: where SB indicates a Soil Boring; 01 indicates the first boring in the series; and -Ol designates 

the first sample collected from that boring. 
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Monitoring wells installed during this investigation will have an MW prefix followed by the number 

designation. Groundwater samples collected from the initial sampling event, conducted after the 

installation of the new wells, will be designated simply by the well number (i.e., MW-01). The 

surface water samples will have an SW prefix, and sediment samples a SD prefix. 

Samples from which QA/QC samples were collected will have the suffix of D for duplicate, and 

MS/MSD for matrix spike/matrix spike duplicate attached to the sample designation. Rinsate blanks 

will be designated by the prefix RB and a sequential number, and trip blanks will be designated by 

a TB prefix. 

3.7 	Chain-Of-Custody, Sample Packine and Shippina 

Proper chain-of custody documentation will be maintained for all samples from the time of 

collection until they are shipped to the laboratory. Chain-of-custody sheets accompanying the 

samples will contain the following infonnation: project number, sampler(s) name, sample numbers, 

number of containers, method(s) of preservation of samples, date and time of sample collection, 

analysis(es) requested, date and time of transportation to the laboratory, method of transportation, 

and any other information pertinent to the samples. Sample documentation will be prepared in 

accordance with Baker's SOP for sample Chain-of-Custody (17302), which is included in Appendix 

C ofthe QAPP. 

3.8 	Documentation 

A single notebook will be dedicated to the investigation and will serve as a daily logbook detailing 

the weather and activities of the day, including work accomplished, those present on site, and 

technical issues such as sample numbers, descriptions of sample : locations, any problems 

encountered during sample collection and preservation methods. The Field Logbook SOP (1 7303) 

is presented in Appendix C of the QAPP. 

3.9 	Field Change and Corrective Acfron  

If changes become necessary due to field conditions (e.g., weather problems, obstruction to sampling 

locations), the proposed change will be communicated from Baker's Field Team Supervisor to 
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Baker's Project Manager, and then to the City of Gary Project Manager. Upon mutual agreement 

of the best method of solving the problem, the method will be implemented and the changes 

documented, with the documentation placed in the project file. 

3.10 	Field Instrument Calibration 

Equipment calibration will be performed at the frequency and using the directions recommended by 

the manufacturer of each piece of equipment. Calibration will be performed daily, in the morning, 

prior to initiation of field activities. Refer to Appendix C of the QAPP for PID (F203) and 02/LEL 

Meter (F206) SOPs, respectively. 
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1.0 PURPOSE 

This SOP provides general reference infonnation and technical guidance on borehole and sample logging. 
Borehole logs provide information that is used in the determination of geological oonditions, assessment of 
contaminant distribution, and the evaluation of remedial acfions. 

2.0 SCOPE 

This SOP provides descriptions of the standard techniques for borehole and sample iogging. These 
techniques shall be used to provide consistent descriptions of subsurface lithology for each boring that is 
logged. While experience is the only method to develop confidence and accuracy in the descriptlon of soil 
and rock, the field geologist/engineer may develop adequate classifications through careful, thorough 
observation and consistent application of the classification procedure. 

	

3.0 	DEFINITIONS 

Soil classifications and temts are given in Sections 5.2 and 5.3. Rock classification and terms are presented 
in Section 5.4. 

	

4.0 	RESPONSIBILITIES 

Proiect Manaeer  - It is the responsibility ofthe Project Manager to ensure that field personnel responsible 
for borehole loggingare familiar with these procedures. It also is the responsibility of the Project Manager 
to ensure that the appropriate documents (e.g., test boring logs, field logbooks, etc_) have been correctly and 
completely filled out by the drilling inspector. 

Field Team Leader  - The Field Team Leader is responsible for the overall supervision of the drilling and 
boring activities, and for ensuring that each borehole is completely logged by the responsible drilling 
inspector. The Field Team Leader also is responsible for ensuring that all drilling inspectors have been 
briefed on these procedures. The field team leader is responsible for providing copies ofthe test boring logs 
and field log books to the Project File via the Project Manager on a weekly basis, unless otherwise specified 
by the Project Manager. 

DrillinQ Inspector  - The drilling inspector (site geologist) is responsible forthe direct supervision of boring 
and sampling activities. It is the Dril ling Inspector's responsibility to log each boring, document subsurface 
conditions, complete the appropriate forms, and direct the drilling crew (or drilling supervisor). 

5.0 PROCEDURES 

The classification of soil and rock is one of the most important jobs of a drilling inspector or site geologist. 
It is imperative that the drilling inspector understand and accurately use the field classification system 
described in this SOP to maintain a consistent flow of information. This identification is based on both 
visual examination and manual tests. 'Fhe results of the boring activities, including soil and rock 
classi5cations, shall be recorded on a Field Test Boring Record (Attachment A) or the field notebook. 
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5.1 	Test Boring Record 

Each borink shall be fully described in a Field Test  Boring Record. The drilling inspector shall log the 
boring, as it is being drilled, by recording relevant data on the Boring Record. It may be more appropriate 
to necord the boring infonnation in a bound field log book so that all boring logs recorded (by each drilling 
inspector) are located in one source. The use of a field log book precludes the possibility of losing individual 
test boring log sheets. Fucthertnore, use of the field log book allows for the recording of additional 
information (i.e. notes) for which space is not allocated on the Field Test Boring Record. Field Test Boring 
Records may then be transcribed from the field log book, but must be completed at a minimum, on a weekly 
basis. The Field Test Boring Records must be completely filled out and signed prior to demobilizationfrom 
the site. Field Test Boring Records must also be legible. Completed Field Test Boring Records shall be 
converted to report format using a Test Boring Record. 

The data which is to be included on the Test Boring Records, when applicable is 1'Isted below. 
I. 	Project name, location, and Project and Task Number. 
2. Date(s). 
3. Identifying number and location of each boring. 
4. Soil classifications in accordance with the Unified Soil Classification System (see Section 

5.2 and Attachment B). These classifications will be noted in the field by the drilling 
inspector and revised, if necessary, based on laboratory analysis and review. Both field 
detennined USCS soil classification and a soil description shall be included on the Test 
Boring Record. 

5. Depth limits, and the type and number of samples taken. 
6. The number of blows required for each 6- inch penetration of a split-spoon sampler and for 

each 12- inch penetration of casing. The percentage of sample recovered, hammerweight, 
falt'-Iength, and hydraulic pressures to push thin-walled tubes. 

7. Depth to water as first encountered during drilling operations, along with the method of 
determination_ Any distinct water bearing zones shall also be delineated. 

8. Loss of drilling fluid (indicative of subsurface voids) and the interval over which it was 
observed. 

9. Identification of equ ipment used, includ ing model and type of drilling rig, s ize of spl it spoon 
samplers, auger types and sizes, etc. 

10. Start date and completion dates for the boring. 
11. Name of the drilling company and the driller. 
12. Size and length of the casing used in each hole. 
13. Observations of visual contamination. 
14. Field instrument readings (i.e., photoionization detector, organic vapor analyzer). 
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TFSf BORING RECORD 

PRO)EC7: 
BORING NO.: 

COORDINATES: FAST: 
	

NORTH: 
ELE'VATION: 	SURFACE: 
	

TOP OF PVC CASING: 

RIG: 

DATE 
PROGRESS 

WEAifER 
WA~ 
DEPIt{ TASE 

SPLIT CASING AUGERS B~~ ~.) (FTJ SPOON 

SIZE (DIAM.) 

LENGTH 
TYPE 

HAMMER WT. 

FAIl. 

STICK UP 

REMARKS: 

SAMPLE TYPE DEFINITIONS 
S= Split Spoon 	A= Augu SPF — Standerd Penetntion Teri (ASTM D-1586xBloxs/0.5 1) 
T= Shelby Tube 	W= Wuh 	 . RQD = Roek Qunlity Designstion  

R= Air Rotary 	C s Cote 	. t,6. Cla:c = USCS (ASTM D-2487) or AASHTO (ASTM D-3282) 	 f 
D= Denison 	P= Piston 	. Lab. MoisL = Moistwc Coatent (ASTM 0.2216) Dry Weight Bazis 	 ? 

N = No Sample 

Depth Szmp. Szmp. SPi Lnb PID 
(fl.) Type Rec. - 	or Ctas. (ppm) 

and (fi. d: RQD or _—_ Visual Description Elevetion 
No. •/.) Pcn- 

Rale 

I 

~ 

3 

4 

5 

6 

7 

8 
i 

9 

10 

Mntch to Sheet 2 

DRILLING CO.: 	 BAKER REP.: 
DRILLER: 	 BORING NO.: 

SHEETIOF2 
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TESE BORING  RECORD 

PROIECf: 
BORING NO.: 

SAMPLE TVPE 
S° Split Spoon 	A= Auger 
T° Shelby Tube 	- W= Wuh 
R=AirRotary 	C°Com 
D=Denisun 	P= Piston 

N = No Sam le 

DEFINITIONS  
SPT =Standaid Penctmtion Test (ASlM 1}1586)(BlowsN.5) 
RQD = Rock Quelity Designation (SG)  
Ish.CWa=USCS(ASTMD-2487)orAASNTO(ASiMD,3282) 
Itb_ Moist ° Moism'e Coment (ASTM D-2216) Dry Weight Buis 

Depth Semp- Samp. SPF LsL PID 
(R) Type Rx. or Class. (ppm) 

uld (tL & RQD or Visusf Defetiption F]evstion 
No. 'G) Pen- 

Rate 
Continued fium Sheet 1 _ 

11 

12 

13 

14 

15 

16 

17 

IS 

19 = 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

DRILLMG CO: 	 BAKER REP-: 
DRILLER: 	 BORMG NO.: 

SHEE'i 2 OF 2 
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As the boring is advanced, the inspector shall evaluate the samples and the cuttings to determine the location 
of each stratigraphic unit. The descriptions should contain color, grain-size distribution, consistency, 
tnoisture, etc., in addition to the USCS classification category (Section 5.3.7). 

Each sample collected for chemical or geotechnical analysis shall be handled as described in SOP F102. 

	

5.2 	Soil C ►assification 

The data shall be recorded on a Field Test Boring Record, or in a field logbook. The method of deriving the 
classification should be described, or reference madeto this SOP or other applicable manuals. Both the soil 
classification and the soil descriptions must be entered on the Field Test Boring Record. If required, the soil 
classification shall consist of the two-letter USCS classification; the soil description shall be much more 
detailed. " 

Where required, soils will be classified according to the USCS. The USCS method of classificatioa is 
detailed in Attachment B and identifies soil types on the basis ofgrain-size and liquid limits, and categorizes 
them through the use of two letters. Although some laboratory testing is required for full USCS 
classification, preliminary classifications may be made in the field. 

Fine-grained soils are smaller than the No. 200 sieve and are of two types: silt (M) and clay (C). Some 
classification systems de5ne size ranges for these soil particles, but for 5eld classification purposes, they 
are identified by their respective behaviors. Organic material (0) is a common component of soil but has 
no size range; it is recognized by its composition; peat is designated by "PL" Coarse-grained soils are 
divided into sand (S) or gravel (G). The careful study of the USCS will aid in developing the competence 
and consistency necessary for the classi5cation of soils. 

The second letter of the two-letter USCS symbol provides information about the grain size distribution of 
granular soil, or the plasticity chatacteristics of fine-grained soils. These second letter modi5ers are (P) 
poorly graded/well sorted, (W) well graded/poorly sorted, (C) clayey, (M) silty, (L) low plasticity, or (H) 
high plasticity. 

	

5.3 	Soil Descrintions 

The Test Boring Records shall contain complete soil descriptions in addition to the two-letter USCS 
classi5cation,ifrequired. Soil descriptions include the following components: grain size identification with 
descriptive terms indicating the relative percentage ofeach grain size, color, consistency or relative density, 
moisture content, organic content, plasticity, and other pertinent observations such as visual contamination, 
HNu measurements, etc. A summary of the soil description components is given in Attachment C. 
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5.3.1 Grain Size Identifecation 

In nature, soils are comprised of varying size, shape, and combinations of the various grain types. The 
following tetms are used to indicate soil grrain size: 

Size 

Cobbles 
Coarse gravel 
Fine gravel 
Coarse sand 
Medium sand 
Fine sand 
Silt 
Clay 

Size Limits 

3-inches to 12-inches 
3/4-inchesto 3-inches 
4.76 mm (# 4 sieve size) to 3/4-inches 
2 ntm (# 10 sieve size) to 4.76 mm 
0.42 mm (# 40 sieve size) to 2 mm 
0.074 mm (# 200 sieve size) to 0.42 mm 
0.002 mm to 0.074 mm 
less than 0.002 mm 

The proportion of each grain size (by weight percent) is indicated using the descriptive terms: 	- 

Trace 	 0 to 10 percent 
Little 	 10 to 20 percent 
Some 	 20 to 35 percent 
And (or an adjective form of the grain size, 
i.e., sandy, silty, clayey) 	 35 to 50 percent 

Some examples of soil grain size descriptions are: 

Silty fine sand: 50 to 65 percent fine sand and 35 to 50 percent silt. 
Medium to coarse sand, some silt: 65 to 90 percent medium to coarse sand, 20 to 35 percent 
silt. 
Fine sandy silt, trace clay: 50 to 65 percent silt, 35 to 50 percent fine sand, and 0 to 10 
percent clay. 

The soil type may be classified as noncohesive, granular soils or as cohesive, fine-grained soils as discussed 
in Section 5.3.3. The grain shape of a soil usually does not need to be determined unless unusual or unique 
features are readily apparent. 

53.2 Color 

Soil colors shall be described utilizing a single color descriptor preceded, when necessary, by a modifier to 
denote variations in shade or color mixtures. A soil could therefore be referred to as "gray" or "light-gray" 
or "blue-gray." Since color can be utilized in correlating units between sampling locations, it is important 
for color descriptions to be consistent between borings. 

Colors must be described while the sample is still moist. Soil samples shall be broken or split vertically to 
describe colors because sampling devices tend to smear the sample surface creating color variations between 
interior and exterior. 
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The terin "mottled" shall be used to indicate soil irregularly rttarked with spots ofdifferent  colors. Soil color 
charts shall not be used unless specified by the Project Manager. 

533 Relative Density and Consistency 

To classify the relative density and/or consistency of a soil, the drilling inspeetor first shall identify the soil 
type. Granularsoilscontainpredominantlysandsandgravels. Thesetypesofsoilaranoncohesive(particles 
do not adhere well when compressed). Conversely, fine-grained soils which contain predominantly silts and 
clays are cohesive (particles will adhere when cwmpressed). 

The density of noncohesive, granular soils or the wnsistency of cohesive soils is classified according to 
standard penetration resistances obtained ffom split-spoon (split-batrel) sampling perfotmed according to 
ASTM D-1586. Standazd penetration resistance is the number of blows required to drive a split-barrel 
samplerwith a 2- inch outside diameter 12- inches into the material using a 140-pound hammer fallingfreely 
through 30-inches. In cases where geotechnical information is required, the standard penetration test is 
performed by driving the sampler through an 18-inch sample interval, the number of blows will then be 
recorded for each six-inch increment. The density designation of granular soils is obtained by adding the 
number of blows required to penetrate the last 12 inches of the sample interval. It is important to note that 
if gravel and rock fragments are broken by the sampler, or if rock fragments are lodged in the tip, the 
resulting blow count will be erroneously high, reflecting a higher density than actually exists. This must be 
noted on the Field Test Boring Record and referenced to the sample number. In cases where soil sampling 
for environmental analytical analysis is required, 24-inch spoon barrels can'be used in order to obtain a 
sufficientquantityofsampleforrequiredanalysis. Accordingly,thesecondandthird6-inchinerementswill 
be used to calculate the relative density. 

The relative density designations for noncohesive soils are: 

Desienation 	Standard Penetration Resistance (Blows per Foot) 

Very loose I.ess than 4 
Loose 4 to 10 
Medium dense 10 to 30 
Dense 30 to 50 
Very dense Greater than 50 
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The consistency of cohesive soils is also determined by blow counts as shown: 

Desi¢ttation 

Very So8 
So8 
Medium Stiff 
Stiff 
Very Stiff 
Hard 

5.3.4 Moisture Content 

Standard Penetration Resistance (Blows per Foot) 

I.ess than 2 
2to4 
4to8 
8 to 15 
15to30 

-- 	Over 30 

Moisture content is estimated in the field according to four categories: dry, damp, moist, and wet: 

Desienation 
	

Moisture Content 

Dry 
	

0 to ] 0 percent 
Damp 
	

10 to 20 percent 
Moist 
	

20 to 35 percent 
Wet 
	

35 to 50 percent 

Little or no water should appear in dry soil: Wet soils appear to contain al l the water they can possibly hold 
(i.e., saturated). Damp and moist are subjective. Laboratory analysis should be performed if it is necessary 
to accurately determine the natural water content. 

53.5 Stratification 

Stratification can only be determined aRerthe split-batrel sampler is opened. Typically, bedding thicknesses 
are described as follows: 

DesiQnation 	Beddine Spacing 

Indistinct 
Laminated 
Very thin 
Thin 
Medium 
Thick 
Massive 

No bedding apparent 
Lessthan 1/2-inch 
1/2-inch to 1-inch 
I -inch to 4-inches 
4-inches to I - foot 
I -foot to 3-feet 
Greater than three feet 
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53.6 Tezture/Fabric/Bedding 

The texture/fabric/bedding of a soil shall be described, where appropriate. Texture is described as the 
relative angularity of the soil particles: rounded, subrounded, subangular, angular. Fabric shall be noted as 
to whether the patticles are flat or bulky and whether there is a particular relation or orientation. The bedding 
stntcture also shall be noted (e.g., stratified, lensatic, nonstratified, heterogeneous varved, etc.). 

53.7 Summary of Soil Descriptions 

In summary, soils shall be classified in asimilar mannerby each drilling inspector. The soil description shall 
include: 

• 	Soil grain size with appropriate descriptors 
• 	Color 
• 	Relative density and/or consistency 
• 	Moisture content 
• 	Stratification 
• 	Texture/fabric/bedding 
• 	Other distinguishing features 

These descriptors are evaluated and the soil classified according to the USCS. All information, 
measurements and observations shatl be legibly recorded on a Field Test Boring Record. 

5.4 	Sedimentary Rock Classifications 

Rocks are grouped into three main divisions: sedimentary, igneous, and metamorphic. Sedimentary rocks 
are the most predominant type exposed at the earth's surface. As such, this section will consider only 
classification of sedimentary rocks. Standard geologic references should be used for the complete 
classification of sedimentary, igneous and metamorphic rocks. 

For the purpose of completing the Field Test Boring Record in the field, sedimentary rocks should be 
classified using the following hierarchyr 

• 	Rock type 
• 	Color 
• 	Bedding thickness 
• 	Hardness 
® 	Fracturing 
• 	Rock Quality Designation 
• 	Weathering 
® 	Other characteristics 



Page 1 I of 14 

5.4.1 R®ck Type 

There are numerous types of sedimentary rocks such as sandstone, shale, sittstone, claystone, conglomerate, 
limestone, dolomite, coal, etc. The drilling inspector should select the most appropriate rock type based on 
experience. Some ofthe references listed in Section 7.0 provide a more complete discussion of sedimentary 
rock types. 

In addition to selecting a rock type, the drilling inspector should record the grain size (and composition of 
grains and cement, if apparent) on the Field Test Boring Record. The following designation should be used 
to describe grain size in sedimentary rocks: 

Desi>sttation 	Grain Size Diameter 

Cobbles Greater than 64 mm (2.5-inches) 
Pebbles 4 mm (0.16-inches) to 64 mm 
Granules 2 mm (0.08-inches) to 4 mm 
Very Coarse Sand I mm to 2 mm 
Coarse Sand 0.5 mm to 1 mm 
Medium Sand 0.25 mm to 0.5 mm 
Fine Sand 0.125 mm to 0.25 mm 
Very Fine Sand 0.0625 mm to 0.125 mm 
Silt 0.0039 mm to 0.0625 mm 
Clay Smaller than 0.0039 mm 

For individual boundaries of grain size, a scale can be used for coarse-grained rocks_ However, the division 
between silt and clay likely will not be measurable in the field. This boundary shall be determined by use 
of a hand lens. If the grains cannot be seen with the unaided eye, but are distinguishable with a hand lens 
(5x magni fication) the sample is sitt. Ifthe grains are not distinguishable with a hand lens, the sample is clay. 

5.4.2 Color 

The color of rock can be determined in a manner similar to that for soil samples. Rock cores or fragments 
shall be classified while wet, when possible. Rock color charts shall not be used unless speci5ed by the 
Project Manager. 

5.43 Bedding Thickness 

The bedding thickness designation for soils (Section 5.3.5) shall also be used for rock descriptions. 



Page 12 of 14 

5.4.4 Hardness 
	 i 

The hardness of a rock is a function of the oompaction, cementation, and mineralogical composition of the 
rock. A relative scale for sedimentary rock hat•dness follows: 

• 	Very Soft - Very soft indicates that the rock is easily gouged by a knife, easily scratched 
by a fingemail, and/or easily broken by hand 

• 	Soft - Soft indicates that the rock may be gouged by a knife, scratched by a fingetnail, 
difficult to break by hand, and/or powders when hit by a hammer. 

• 	Medium Hard - Medium hard indicates that the rock is easily scratched by a knife and/or 
is easily broken when hit by a hammer. ' 

• 	Hard - Hard indicates that the rock is difficult to scratch with a knife but may be broken 
with a hammer. 

• 	Very Hard - Very hard indicates that the rock is difficult to break with a hammer. 

Note the difference in usage between the words "scratch" and "gouge." A scratch shall be considered a slight 
depression in the rock while a gouge is much'deeper. 

5.4.5 Fracturing 

The degree of fracturing or brokenness of a rock is described by measuring the fractures or joint spacing. 
After eliminating drilling breaks, the average spacing is measured and is described by the following terms: 

• 	Very Broken - L.ess than a 2-inch spacing between fractures 
• 	Broken - A 2-inch to 1-foot spacing between fractures 
• 	Blocky - A 1-foot to 3-foot spacing between fractures 
• 	Massive - A 3-foot to 10-foot spacing between fractures 

5.4.6 Rock Quality Designation 

The structural integrity ofthe rock can be approximated by calculatingthe Rock Quality Designation (RQD) 
of cores recovered. The RQD is determined by adding the total lengths of all pieces exceeding four inches 
and dividing by the total length of core run: 

RQD (%) = r/ I x] 00 
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Where: 

r 	= 	Total length of all pieces of the lithologic unit being measured, which are greater 
than 4 inches, and have resulted from natural breaks. Natural breaks include 
slickenslides, joints, compaction slicks, bedding plane partings (not caused by 
drilling) friable zones, etc. 

1 	= 	Total length of core run. 

The results of the RQD calculations shall be recorded on the Field Test Boring Record. 

5.4.7 Weathering 

The degree of weathering is a significant parameter that is important in determining weathering profiles and 
also is usefulin engineering designs. The following terms can be applied to distinguish the degree of 
weathering: 

• 	Decomposed - Soft to very soft, bedding and fractures indistinct, no cementation. 

• 	Highly weathered - very soft to soft, with medium hard relic rock fragments, little to 
moderate cementation. Vugs and openings in bedding and fiacture planes, some of which 
may be filled. 

• 	Weathered - SoR to medium hard. Good cementation, bedding and fractures are 
pronounced. Uniformly stained. 

• 	Slightly weathered - Medium hard. Fractures pronounced, nonuniform staining, bedding 
distinct. 

• 	Fresh - Medium hard to hard. No staining. Fractures may be present, bedding may or may 
not be distinct. 

5.4.8 Other Characteristics 

The following items should be included in rock description, where applicable: 

• 	Description of contacts between rock units (sharp or gradational) 
• 	Stratification 
• 	Description of any filled cavities 
• 	Cementation (calcareous, siliceous, hematitic, etc.) 
• 	Description of joints and open fractures (with strike and dip, if possible) 
• 	Observation of the presence of fossils 
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5.4.9 Additional Terms 	 ~ 

The following terms also are used to further identify rocks: 

• 	Seam - thin (12-inches or less), probably continuous layer. 

• 	Some - Indicates significant (15 to 40 percent) amounts of an accessory material. 

• 	Few - Indicates insignificant (0 to 15 pernent) amounts of an accessory material. 

• 	Interbedded - Indicates thin or very thin altemating seams of material occucring in 
approximately equal amounts. 

• 	Interlayered - Indicatesthickalternatingseamsofmaterialoccurringinapproximatelyequal 
amounts. 

6.0 QUALITY ASSURANCE RECORDS 

Quality Assurance Records shall consist of completed Field Test Boring Records and Test Boring Records. 

7.0 REFERENCES 

1. American Society for Testing and Materials, 1990.  Standard Methods for Classification of Soils for  
EnQineering Purnoses , ASTM Method D2487-90, Annual BookofStandards, ASTM, Philadelphia, 
Pennsylvania. 

2. American Society for Testing and Materials, 1990.  Standard Practice for Descriotion and  
Identification of Soils (V isual - Manual Procedure) . ASTM Method D2488-90, Annual Book of 
Standards, ASTM, Philadelphia, Pennsylvania. 





EXAMPLE TEST BORING RECORD 



RIG: Mobile B-57  

DATE 
PROGRESS 

(F7) WEATHER 

WATER 
DEPTH 
(Fl) TIME 

SPUT 
SPOON CASING AUGERS 

CORE 
BARREL 

iIZE (D(AM.) 1-318"ID 6-114" ID 5131/91 14.0 Sum',80°-9o'F — — 

LENGTH 2.0' 5.0' 

tYPE STD- HSA 

HAMMER WT. 1 	140# 

FALL 30" 

ST1CK UP 

REMARKS: Advanced boring to 14 ft. tanv continuous 2-foot split-spoon samples; no monitoriagwell installed - 	I 

borehole grouted to surface. 

SAMPLE TYPE 0EFINf7lOHS  

S 	-SplitSpoon 	A 	=Auger SPT=StzndardPenetrationTezt(ASTMO-1586)(BlowsAS ~ 

T= ShelbyTube 	W- Wash RQD = RockQualityDesignation(S5) 

~ - Air ftotary 	C- Core Lxb aasz - USQ (ASTM D-2487) orAASHTO (ASTM D-3282) 

- Denison 	P 	-Pirton LabMoist=MoirtvreContent(ASTMD-2216)DryWeight8azis 
N = NoSample 

SamPl 
Samp
R, 

Lab- PID 
OePth Type FL 

SPT nats- 
or  (ppm ) Visual Description Eleva on 

(Ft_) and or 
No. ~ RQD 

Rate 

TOPSOIL, grass roots; tan, gray, medium dease; dry 
3 

1 
S-1 

 

13 
20 

7 
9 o SAND. Gne- grained, trace gravel, trace silt; tan, brown; 

Z  2_0 6sY. S loose; moist to damp 

4 
3 1_3 3 SAND, fine- grained, trace silt, trace grass eroots; tan, 

4.0 
S-2 2.0 

6sx 
4 

n 
0 

brown; loose; moist to damp 	 4.0' 
4 

t t SAND, fine to medium-grained, trace silt; tan, brown, 
5 2 o 12 orauge; medium dense; moist to wet; water table at 6.0' 

S-3 20 10 0 
6  6.0 t00Y. 8 

3 7.0' 
7 18 a 

s-4 2_0 3 0 SAND, medium to coarse-grained -  trace silt; tan, gray. 
H  8.0 90% a orange;loose;wet 

1 9.0' 

S-s 
20 

2.0 
0 

1 o SAN D, medium-grained, trace silt; gray, orange; very 
1  lo.a looi 1 loose;we[ 

Match to Sheet 2 — 

DftIILING CO.:  ATBC Associates 	 BAKER REP.:  R. Bonelli  

DRICLER 	uf 	Viillcr 	 BORING NO--  B-1 	 SHEET 	l 	OF 	2 



ATTACHMENT B 

UNIFIED SOIL CLASSIFICATION SYSTEM 



MA)OR GROUP I 	ASTM.GEOtOGICAL DESCRIPTION CHECKLIST 

DIVISIONS SYMBOLS, 
TYPICAL NAMES I 	fOR FINE-CRAINED AKID PARTLY ORGANIC SOILS 

Wcll-Grodcd Gro.cli ond Gro.cl- ~ 	( 	TYPICA( NAME: So-dr  g:lr 	SA 
GW Sqnd 	MiclWrct, 	Littic 	or 	No 

	

S:r.rClo 	Clo 

	

r 	r 
z~ Fmcs C lorcr Sa, 	So..or Ctor <, Orpo...<  Sa. 	o•po...< Cto r  

Poody Grodcd Gro.cls ond Gro.cl- 

W 
U 

GP n Sond 	Mizturct, 	Lilc 	Or 	No 2. /-tAXIMUM PARTIC(E SIZE ~ 
7< Fincs 

7. SIZE OISTRItlUTION 
~ l- DRY SiRENGIH: Nortc, V<ry Eo.., lo.., Med..m-  H.ptA-  Vcry 14Q3 Silly 	Gro ~ ctt, 	Gro.cl-Sorsd-5ilt 

p _ GM 
Mixlures 

S. DIIATENCY: >JO..c, Sloe, Rop:d 

? 
r- ~ 6, PLASTIC THREAD: weaL ond Solt- Med:~m, SGI1, Vc. 	S,7(1 r - = Cloycy Grovcts, Groxcl-Sond-Cloy 

< 
s 

U GC ( Mixlurtt 	' 7- PLASTICITY OF FINES: Non<- Lo-., M<owm -  H:ph 

E. Co(OR: u,e M..n,cll Ne,e,.on- u Po,,:1,4 
wcll-Grodad Sonds ond Gro.elly 

 

SW Sonds, tnllc or No Fines orrh E p.ODOR: Nonc, 	 o r• O,ac p 
a 
C 

..• ~ <, 
1D. MOISTURE CONTENT: D. 	Mwn, wct, So,wor c d r• Poody Grodcd Sonds ond Gro.clly 

DI o SP 
I 

Sonds. Lillle or No Fints 1L CONSIS7ENCY: So1C F..n. (MCd:om)- SGII, vcrr  Sr:((,Hord 
Z < 12- STRUCTURE: S,mGI.<d, Eom.no,c6, F:,w.cd- 57:r~ enudcd- Hlock r  

o=W 
Sihy Sonds, Sand-Silt Mi><fures (cnud, Homopcnco... 

- 13. CEMENTATION: wcok •  Suonq 
Ni 

SC ( ClOycy Sondl, Sond•Cloy Mixtures 14. LOCA( OR GEOtOGIC NAME 

Inoroonic Silts, Vory Finc Sonds, 
ASTM GEOLOGICAL DESCRIPTION CHECKLIST 

>-o M(  I Rocl Plour, Silly or Cloycy Finc 
~ 	

- FOR COAPSE GRAINED SOILS 
<n Sonds 
v 

J  ~` Inoroon7[ Cloyi oL Lo ~' lo Modrum l. TYPICAL NAME: 6o.docn. Cnbbtot, Gro.cL Sond (AUd Ocur:p.:.r 
CL I Ploilicity, 	Gro.clly 	Cloy, .Sondy Aoim:+c, Fo, M:ncr Conu:,.cnu] 

O ..+° Cloyi, Silty Clays, Lcon Cloyt 2. GRADUATION: Wclt Grooccr, Puorly Gn~ ocd 
7. MAXIMUN. PARTICLE SIZE 

I  
OL  Oroonic Silts and Groanic Silly 

w Z  ~ r 	 -- Sih 	Cio s o. Lo-  Plastrcat <. SIZE DISTRIBUTION: Fc•ccnt Gro.d, Sond ond F:nc, 

< 

~ 	
- 6o..ndcd S. GRAIN SHAPE: l.npular, Sabonpalor, Soo.ounaca- 

InocoOniC 	Slhl, 	MiCOCtOUi 	or 
c 
(~ 

~ x 
b MH =Diofomo[eoui 	Fine 	Sonds -oc  

6. MINERALOGY: Ro<k 7rpc For Gro.d, Fcoom:nant r.tincwl < v 
w tl Sihi. Elollrc 51111 7 - 	OLOP,: U,< Morodl Nom4ort, i( Pouibl< 
Z  ° ~  Inoroanic Cloyt o1 Hiah Plasticity, 

C 
 ~ 	p -  ODOR:Non<, Eonhr -  Orponic 

CH  ( rot Clayi  4. MOISTURE CONTENT: Dry, Moitt, Wc:- Sowroxd 

OroOnic Clays ol Mcolum so liiah OH  „p I 10. NATURAL DENSITY:  lowc Ocm< 

Ploiucrt I 11. STRUCTURE: Svoril:cd -  (cmcc, Nonurm.i:<d 
F 12• CE/.(ENTATION: WeoL- Suonp HIGH(T 

ORGANIC 
' Ftal, 	Mucl 	ano 	~tntr 	hianly 

~ 	Pi O rooOrC Solll I]J- LOCAI OP. GEOLOGIC NAME 

NOTES I 



ATTACILYLENT C 

SOII. AND ROCK DESCRIPTION SUMMARY 





SOILDESCRIPTION 

GRAIN SIZE IDENTIFICATION 

UME  SIZE LII4ITS  

~oulder 12". OR VIORE 
Colibles 3" -12" 
Coarse Gravel 3/4"-3" 

Fine Gravel 4.76 mm (#4) - 314" 
CoarseSand 2mm(#101-4.76mm(#4) 
MediumSand 0.42mm(#40)-2mm(#10) 
Fine Saad 0.074 mm (4200)-0.42 mtn 

(#40) 

Silt 0.002 mm-0.074 enm (#200) 
Clay Le<-s than 0.002 mm 

RELATIVE DENSITY 

NONCOHESIVE SOIL  
TEIL`v1 	SPT (Blows/ft) 

Very Loose Below 4 

Loose 4-10 

Medium Dense 10-30 
Dense 30-50 

VeryDense ovER50 

COHESIVB SO[LS  
I'ER3[ SPT(Blows/ft)  

ery Soft BELOW 2 . 
Soft _ 2-4 
Vledius Stiff 4-8 
Stiff 8-15 
VeryStff 15-30 
Hard OVER30 

MOISTURE DESCRIPTIVE  
TERMS  

Dry - Trace 0-10°h 
Damp - Little 10-20°k 
Moist - 	Some - 20-35% 
Wet And 35-50% 

ROCK DESCRIPTIONS 

HARDNESS  

Very SoR - 	Easily gouged by knife, easily scratche(i by 
Bngernail, easily brokeci -tiy hand 

SoR- 	 Gouged by knife, scratched by Ctngernail, 
diflicult to break by hand, powders with 
hammer 

14edium Hard - Easily scratched by knife, easily broken 
with hammer 

Hard- 	 DiRculttoscratch,breakswithhammer 
Very Hard - 	DilTtcult to break, rings when-struck 

WEATHERING 

Decomposed - SofttoVerysoR,beddingandfractures 
indistinct, no cementation. 

Highly 	- Very soft to soR, with medium hard relict 
Weathered 	rock fragments: little to moderate 

cementation. Vugs, openings in bedding 
and fractures tmay be Hlled). 

Weathered - SoRtomediumhard. Goodcementation. 
bedding and fractures are pronounced. 
Gniformlv stained. 

i 

Slightly 	- \iedium hard. Fractures pronounced, non- 
., Weathered 	uniform staining,bedding distinct- 

Fresh 	- 	\tediumhardtohard. Nostaining- 
Fractures may be presenL Bedding mac or 
mav not be indistinct. 

BEDDI`[G AiID FRACTURES:  

SPACING 	 BEDDDiG FRACTCRES 
Indistinct 

LESSTHA3Q 112" (1 cm) 	Laminated Fissile 
1/2"tol"(lcm-3cm) 	VervThin - VeryClose 
1" TO 4" (3cm-10cm) 	Thin Close 
4" TO 1' (10cm-30cm) 	Lioderate \4oderate 
1' T0 3' (30 cm-1 ml 	Thick W ide 
3'T010'(lm-3m) 	Niassive VeryWide 

SAVIPLETYPE 	 ABBREVIAT[ONS 

S=SplitSpoon HS = HollowStem 
T=ShelbyTube NP = :IonPlastic 
R=Air Rotary -PL = Below the Plastic Limit 
D=Denison PL = At the Plastic Limit 
A=Auger . +PL= Above the Plastic Limit 
W= Wash (Roller Bit) +LL= Above the Liquid Limil 
C=Core SPT = Standard Penetration 
P = Piston Test 
N=:IoSampleTaken RQD= RockQualityDeiignation 

CONTACTS : 

= DEFINITE 

= INDEFINITE 

------------- =GRADATIONAL 



ROCK SY&{eOlS 

E~ CONOIOUEAATE -® UuESTONE 
. ~ ~.~,. 

i•a r s`, 

182  ~ 

"`, , 

.~.~1.~. 

HARONpSS 

Y. SOFT - CORE RECDVERY <SJiN EASIEY QOUGEO CY KMfE 

OR SOyEpvRNER. EASfLY SCRATCI.ED HY FiNGERNAtt_ 	' 
-EASIEY ®RO/a< aryW(o 

SOF7 . CORE RECOYFAY 3G.TSY, OOUGED ®T KMFE O/t 	 ` 
SCREVlORfYFIL SCRATCNED 6Y FINGERNAiti 	 .. 

D(FFlCULT TO lREAK ®T HANO. POWDERS  aI/4MMEll 	. 

YEll NO. - CORE RECOYp{T> YSlN  EA[R.Y SCRATCNEO RY K/tlFE 
. 	OR SCAEN9RIYER. EASiL- SROKFI/ ®Y HAI/YER 

NO, - DIFFICUCT TO iCRATCN. ®REAK4 m'MAYKER 	 ._ 

Y. M]. - OIFFICULT TO nRFJK. RINGS WNEN ST}tUCK 

SPACING  eE0O1NG  FRACTURES  

INOImNCT 

EESS THAN 5-  (lrnil IAIRNATID FTSS7CE 

X-  Te 1-  (1w3an) '/ERY TN W YERY CLOSE 

1 -  Te 	pa-1QaN TN(N CSASE 

<- T. /' (f09JOa+( YOOERATE_ MOOERATE 

I' Te 7 Tl6CK W1DE 

r T. f0' nm-]mI - 	YASS7YE YERY YAOE 

WEA7}SERING  

oECOUroSEa - SOFT - Y. 50+7, ®EDDQIG AND FRACTURES 
WOLtTNCT. NO CEfRFHTATION 

HL MWTHR. - Y. SOFT - SOFT, artdEA HO. RELJCT ROCK 

FRAOMEHTS:LiTItE TO fd00. CF3IEMAT70N. 

VUGS. OPpfMGS Nl nEDOWG /UtD FMCTURES 

(4AY 9E CUT OR CALG fRLED1 

lYRU0.. - SOfT TO UF>. NO_ GO00 CEMEMATION. 

LEDO(NO ANO FRAGTLRES ARE PRONOUNCEO, 

UNIFORMEY S7AINED 

COIroAON lOCJ1 SEDIMEMART 
ROCIC CLASLFICATIOKS 

~  NO l ~ iif0fl FIIZ ~ 
t CM ~ONLR ~~ 

uu ~I.. i:LK SDI  

SL W'T<fl - MED~.o-.(~ S4;  F=i.ILTURES PRONOUNCID, NON-UNIFORN 
STAININC. IIEDDWO OfSf1NCT 	 t 

 ~ FRESN - 4Et1 HO. TD NO_ NO STAINI210. FRACTVRES 

YAT IIE PuSSEXT. EIDOING 4tAY OR MAT NOT 

EE DISTWCT 

CONGLOMEAATE - R PnrtfcM, eowdW 

LRECCNIA- rt prtict.+ rqu<v: cfv.itl 

OOCI WIWY 6,Q P1Q12 N M10f 

vERT CO~vL JH.«UJ 
1 ,m... I 

Co~wSC CJUA® 

O c  U  O umwu c(u.m 

z 

ROD. E  
R 	— N7vPE co  E o 1Cy 

E-TOTAL IENGTN U( A.  RUN OF CORE PIECES 
IONGERTNANf ~ 

R° LENGTN OF TNE RUN 

Z _ 
O o 

~ 
0 

3 c  

< 

fIKMIT 

oelsraaiw.< 
v.tleci 
awm~ 

nor 
r(slul 
s~omx 

sala~n«i 	1 ~c calzro«t 
saTr 
uurs-ro«e 

ms ~LZ  ; utc wu.c 
( Ir uu ow r~ 1 lu~w (~al  

I cuc 4.alEr 
ciw.i7o«< 	1 [1~ .zln«< ~ 	uuESTO«I 

. sa~c.rz 
ROQC DFSCRIPTIONS 



4 	Designation: D 2488 — 90 , 
nmEwuu+sodEirrrn rtsn.+cwr ,oKA)Fn,Ks  

~.- 	,u ,6fLC<StPNSe ~V~••. P.ve, Q] 

q.y+veeaw..e..rw.u,Be> ®  A3NSm..a..a. ~,~b~.aSN 
rtflKKd.nPmCU,KCMMneOaMCa ~1 DPa 	Ae2ifsJfon 

Standard Practice for 
Description and Identification of Soils (Visual-Manual 
Procedure)' 

Thit rtardard u issued w,dq tk Ganl desirnation D 2<g®:lhe number imma42lcly lollu ~ine th< designa , ion i,Wicalcs thc rcar or 
orig,nal ldpption M. in d1C <iSC nr M1.14iG4 th< r 1r orlaat rtt'iaion. A numbCr in pan:nthe%CS indi<i{Ca IhC r<3r or Ia31 r<lpp(oval. A 

supascript cpsilon (4 indimta an cditorisl <tunic si,uc eh< 4st n:.ision w  rcapwd"aL 

Thir atandard bar btrn appramR for uu by at<nd<t yrh< D<panmenl o/ D<Imr<. Caeuub r/w DaD Ind<i o/Spre(eauom and 

Standardr for thc rpn:Vckcr efiwr whi<h haz bc<n adqm<d bY rA< Drpanmrnl n/D</<au•.  

1. Scope 

I.1 This practice eovers procedurrs for the description of 
soils for engineering purposcs_ 

1.2 This practice also descn~bes a proccdure for identifying 
soils, at thc option of the user, baxd on thc elassification 
system described in Test Method D 2487. The idcntifrecation 
is based on visual examination and manual tests. It must be 
elearly stated in reporting an identification that it is bascd on 
visual-manual proccdurrs. 

t.2.1 When precisc elassifrcation of soils for cnginceting 
purposes is required, the procedurrs presctibed in Test 
Mcthod D 2487 shall be used. 

1.2.2 In this practice, the identifrcation portion assigning 
a group symbol and namc is limitcd to sod particics smallcr 
than 3 in. (75 mm).  

1.2.3 The identi5cation portion of this praUice is limited 
~ naturally occurring soils (disturbed and undisturbed)_ 

NurE I—This pncticc may bc uscd u a drsaiptivc ryAcm app6<d 
: such matcrials as shalc, claystonc, shclls, cxushcd rock, ctc (Sx 

Appendiz X2). 

1_3 Thc descrriptive infocmation in this practice may bc — 
uscd vdth other soil classiGeation systems or for materials 
othcr than naturally occumng soils. 

1,4 This standard does not purporr to address all ojthe 
sajery problems associared wirh its use. It is the responsibility 
of the user oJthis standard to establish appropriate sajety and 
health practices and determine t6e applicability ofregulatory 
limirations prior to .use. For spcc3Gc precautionary state- 
mcnts scc Scction 8. 

1.5 Thc values stated in inch-pound units arc to bc 
rcgardcd as thc standard_ 

2. Referenced Documents 

2.1 ASTM Standards: 
D 653 Tcrminology Rclating to Soil, Rock, and Containcd 

Fluids2  
D 1452 Pmctice for Soil Invcstigation and Sampling by 

Augcr Sorings2   
* 1586 Mothod for Pcnctmtion Tost and Split-Barrcl 

Sampling of Soils2  

' Thn pc.ccicc :s u,Wm thc iurisdiction or/SrM Commincc 0-1 E on Soil and 
Rock arA iz tl.c d,im ,caponubili,r orSubco.nmincc DI{.Ol on Idrntir,v,:on 

orSuili 
Cu,rzm cGi6on appro.cd lunc 29. 1994 f1Mi,hc4 Au[ueu 1990. Oriynanr 

p..bthtKd aa D 249E - 66 T. lirr p2_ious cdi6on D 24rt - ta". 
' Annuar 6aak oJASTH 	 vol W.oL_  

D 1587 Practice for Thin-Walled Tube Sampling of Soils =  
D2113 Plactiee for Diamond Corc Drilling for Site 

Invcstigation =  
D2487 Test Method for Classification of Soits for Engi- 

ncering Putposes2  
D4083 Practitx for Description of Frozen Soils (Visual- 

Manual Procedure)~ 

3. Terminology 

3.1 Definitions:  
3.1.1 Except as liried bclow, all dcfinitions are in accord- 

ance with Terminology D 653. 

Nort: 2—For partidcs tctaincd on a 3-in- (73-mm) US nsndard  
sevc, the following dJnitiom are suggated: 

Cabbla—partitJcs of rock that wil pass a I2-im (30Umm) souuc 
opcning and bc rctaincd oa a 1-ia. (75-mm) sicvc, and 

Bo+ddcrs—puticics of rock.ttut will not pass a 12-in. (300-mm) 
squarc opcning 

3.1.1.2 day—soil passing a No. 200 (75-pm) sicvc that can 
bc madc to exhibit plasticity (putty-like propertia) within a 
range of water conteots, and that exhibits considciable  
strength whcn airdty. For dassiGtation, a clay is a fine-
gmincd soil, or the finc-grained ponion of a soil, vrith a 
plasticlty index equal to or greater than 4, and the plot of 
plasticity indcx versus ILquid limit fal1S on or above thc `A" 
linc (scc Fig. 3 of Tcsi Method D 2487). 

3.1.1.3 gravel—panicics of rock that will pass a 3-in_ 
(75-mm) sicvc and bc rctaincd on a No. 4(4.75-mm) sicvc 
with thc following subdivisionr. 

coarse—passcs a 3-in. (75-mm) 3ieve and is rctained on a 
'/.-in. (19-mm) sieve, 

fine—passcs a r/.-in. (19-mm) sievc and is retained on a 
No. 4 (4.75-mm) sievc. 

3.1.1.4 organic clay—a clay with su(ficient organic eontent 
to innucncc thc soil pTopertics. For classifi=ition, an organic 
ciay is a soil lhat would bc classiftcd as a clay, cxccpt that its 
Ifquid limit valuc a(lcr ovcn drying is Icss than 75 % of its 
liquid limit valuc bcforc ovcn drying. 

3.1.1_5 organic silt—a silt with sufGcicnt organic contcnt to 
influcncc the soil properties. For classification, an organic silt 
is a soil that would bc classificd as a silt czccpt ihat its liquid 
limit valuc aflcr ovcn drying is Icss than 75 % of its liquid 
limit value before oven drying_ 

3.L1_6 peat—a soil eomposcd primarily of vegctablc tissuc 
in various stagcs of dccomposition usually with an organic 
odor, a dark brown to black color, a spongy consistcncy, and 
a tcxturc ranging from fibrous to amorphous. 

3.1.1.7 sand—pariicics of rock lhat will pass a No. 4 
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iOUP SYMBOL 
	

GROUP NAME 

<30%P&-,N..200 	 <75% Wu! No.2t%1 
~ 

l<sn e{.1. 
1535X PWa No. 200  % a'^d ZX M<wl Lsen   f l, with Yud 

C L 

< 
X u^d <X prawl loan   eky with provN 

X Ynd >Y of pr..a1—~--'P <15X prawl SWy I.M Wy 
2JnX Plw No. 2(W~ ~s Z15X  pr<.N 	.  `  LMy Isan c1aY witA paew/ 

x aard <X prooel Y,y Gwwlly W. clay 
Gww%y Mon WY with Ynd 

<30x PIu+No.200 	 <15%ao1 No.200 Sidt 
15~25X Pwa  No.3tM! —+- x aw.d ZX prasN Sih with auad 

M L ~r x saM <X prawl Silt with prswl 
%und>%oferawl <75%plswf SarWy.ih 

~JOXpWtNe.200~ >15%prewl -  SendydltsvithprOwl 
X saM <X proYai <75X Ynd Gl.wfly Wt 

275x Y11d Gliwny Yh Mr(11 YNd 

<30% pW. No.2W 	 <IS% plua No.200 Fet   CUY 
1S25XPWaNa.200 %s.rd2%pr.wl  —Fatefayw7thYNd 

C H < x uM <X fl.wf  - -  F.t daY rilfi prarN 
x uM >%of pr.wl"-~°<i5%pr.wf 

~+ Sandy fat Wy 
>70XPluallo.200~ 2!15X1rawl $andy(.tdrywnhpraeN 

X Yrd <X <15X ard Glawtly I.t clsY 
215X Yrd GrswQY Irt W y w"M land 

~I  <30XpWtNo.200 	 <15%plv+No-200 -  Elutic.ift 	- 
15 ~25% pW+ No. 200 // ~ x+.nd 2X pnwl Elattic tIh with Yw+d  

MFi\ 
x..nd<xpr..w El.nic.ih..ima...a 

\\ 	 x send ZX of pr.wl ~<75% pr.wl s.ndy Natic YZt 
>30YPIusNo.200~ Z75%914wl Sandy.14ni5dhwilhprewl 

X tand <X prswl~<75X und GraYMy.IMie wh 
215XS•rd Gw..ny.t.st7ctiltwith+«d 

otE—P«cenlnpz an besed onestirol++p artnuKZ o( fr+x. seld. aM pratel to tbe roaresl5 X. 

FIG. 1. Flcw Chert for ldentifylnq Inoryentc Fme-Grnlned Sull (50 X or more fv»s) 

15-mm) sicvc and bc retained on a No. 200 (75-}tm) sieve 
h thc following subdivisiotts: - 
x~rse—passcs a No. 4(4.75-mm)_sieye and is rctained on 
4o. 10 (2.00.mm) :icvc. 
nedium—passcs a No. IO (2.00-mm) sicvc and is retaincd 
a No. 40 (425-µm) sicva 
ine—paiscs a No. 40 (425-pm) sicvc and is rctained on a 
,. 200 (75-µm) sievc. 
3_1.1_8 silt—soil passing a No_ 200.(75-ftm) sievc that 
nplastic or vcry slightly plastic and that ezhibits little or no 
cngth whcn air dry. For classifimtion, a silt is a finc- 
uncd soil, or thc finc-grdined portion of a soil, with a 
aticity indcX Icss than 4, or the plot of plasticity indcx 
sus liquid limit falls bclow thc `A' hnc (scc Fig. 3 of Tat 
.thod D 2487). 

IOUP SYMBOL 

4. Summary of Practice 

4.1 Using visual czamination and simple manual tcsts, 
this pr-actice gives standardized critcria and_ proccdtucs for 
dcscribing and identifying sot7.t 

4-2 The soil can be ®vcn an identification by assigning a 
group sytnbol(s) and name. Tbc flow charts, Figs. la and Ib 
for finc-gaincd soiLs, and Fg 2, for coarse-grained soils, can 
be uscd to assign thc appropriatc group symbol(s) and namc 
If thc soi] has propertics which do not distinctly plaoe it into 
a spccific group, borderline symbols may bc used, sec 
Appen(iiz X3. 

Nort: 3-11 is suggrned thal a dininction ht madt bctwsn dva1 
s)'mbott and borderlint slmboG.  

Dun/Symbol—A dual symlwl is n.ro symbols scpuatcd by a hyphc4 
for eaampdt GP-GM. Sw-SC. CL-ML uscd to indi<atc that the soil hu 
bccn idcatificd as ha.ing thc properiics of a<taisihatiou in accordaoce 
with Tca Mahod D 2487 whcrc two symbols asc mquictd. Two 

symbols arc roQuircd whcn thc soil bu bawccn S and 12 S6 fincs or 

GROUP NAME 

<JOY pwr No. 700 C<15x nlu. No. 200 O!p«,ic aJ 

15 25% P  W r Ne.200 Z u,W >x Y.•.t O,.«.:c wA ..itn YM 

O L/O H 
~ 

x Y e<x a•. 1—~  orvMK wa w.m s.. . 
Y YM ZY.le•.1 ~ <15Y M.YI S.~GY wY~%c  anA 

>]OY pWr No. i00 ~  215Y N.•W YMY wWn:c wd rilh pra..l 
Y a.W <Y .•awl ~ <1SY uM GYwpY oryrwc wil 

. ZISx YM Grw.UY wY.K wd>ith YM 

bxf—PerOenUpes ue base0 on aslinaMq anwMs ol  hre1. iW. srd ¢avel lo R.e rv..Yesl 5 Y. 

FIG. lb  Flow Chnrt tor tdentitylnq oryenlc Fine-Grclned SoA (50 X or rtwre hneal 

2 
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GROUP SYMBOL 	 GROUP NAME  

GW --- 	 <se.w—~ .  

2 r5e •w —~ w.e p.a.e r..w _.,w ...y 

Poyll F~b  G P --- 	 GISt •rJ —~' P••Re p•<-® p•••. 
 2iSt uN ~~ P•M. Ptl-Y p•wl _..., •r.p - 

GW-GM-~+<uxwa—eK.,p•f•0r.••1_.,w•+, 

CRq V EL 

w.upvqy~ lw•-YLwW< 

o:..-cL«cH 
~a215t ••M --~' MNP•d.E r<•M _wn M• •nf •eM 

GW-GC_~.~<,stw«---KwP.a.ee....l_N.,<w 

M GP -(i ~<ISA•w----n..n.PwP«.1_..e... r:«I<P•a-f~r°'^•0qL«un 

r .-cLwcN 
1ISY •<M --~ MI.  P<!•I F<•M aww v.h wW u ~y 

GP-GC —G1SA...a—~f.wPF.e.a P«•+_..•<.. 
ilst uN ~° 1•«,. PM•! Pv~l _„w <YV •M •rM 

Iw•-ML wMH GM ~ GISA ••M ^ Sat. P•wl 

115Y Iw, ea 
ilSt ••N--+L«y P«M _w4 •W 

GC 	 <lx....e—«a<r.eP-•n 
215A W —r  Q•Y<f F<wl _i<P •r,J 

K<4I<cM S W~<ISA P<M ~+ K<ayNW ar.4 

5zxlw.~ 
fn«IrP~ 

SP 	 21sAP<•al-'-°K•~rM•!<rNv:t,r<«I 
--~-+<11YP<w1~ PwlrPmN<wK 

- . 	 ~s215xM•wl—~ fw11P<dM<.Mwnf,P•.w 

Iwn-ML«MN  -  SW'SM~GIStP<wl—rwMP•d•6<•.•6 ~ww•a, 
1Y<4 WN 

P  lir<-tt w/Yl SW-S
/~ 	 211AF<.M-.--.-KAPviM•.Mrw„•:hWP•M 

SANn 

x ~~~ 	 I~ Iw~ Iw_•-MLpMN 

<. 	 Kv11 M•a•J ~GISY r<,•1 ~.' 	••^J _N<~ a4< 
 KNM.J•! rM _iww <4. W rvM 

SP -SM~G 1sSF••• 1 ~°r~«,<r•O-0•W_m , •A 
Y P•-•1 voe, ~.ve.e 15S vM~~ rvorl. r•a•S vM _rtw M W 2 	a 	 P•..1 

P -SC 	-=` <,s: r.•H-- b«~. «.a-a w..e _..., <~. 
2155 P•.•1 ~-~- fV«h Pa1N urd _raw N< W P•.•1 

Iw,-MLwMH  '  SM 	 <11Yp•wl—+5M•w 
Ztzxrw. ~215tr•a—~ 5ww••^, _wwF.•.1 

<. ~•<-CLwL11 SC~--+GISYpv..~—~ 11v«•wM 
~r 215Y r•,<I  rClrt<. ub viT Pr••I 

NorE—Percentages are ba5ed on  estirnah'tg annutC d f.tes. SaM, and gravel to rhe nraresl 5 Z. 
FIG. 2 Fbw Chart /or ldentitying Coarse-Grained Sorls (lesa than 50 X fines) 

whcn thc liquGd limit and plasticity indcx valucs plot in ahc C1-ML arra 
of thc plaaicily chaa 

Borderline Syn+bol—A bordedinc symbol is two symbol: scparatod 
by a slash, for ezamplc, G14C7-1, GM/SM, CLJML A bordcrGac 5ymbol 
should bc uscd to indiatc that thc soil haz bxa idcntifi<d a: havigg 
propcnics that do not diaincily pla<c thc soil imo a spcdfic group (scc 
Appcndiz X3). . 

5- Significance and Use 

5.1 Thc dcscriptivc information rcquircd in this practice 
ean bc used to dcscribe a soil to aid in lhe evaluation of its 
significant propcnics for engineering use. 

5-2 Thc descriptivc infotmation rcquircd -  in this practica 

should be - used to supplement the classification of a soil as 

dctcrminod by Tm Mcthod D 2487. 
53 This practice may be used in identifiing soils using lhc 

classification group symbols and names as pre:seribed in Test 
Method D 2487. Sincc thc names and symbols uscd in this 
practice to identify the soils are the samc as those used io 
Tcst Mcthod D 2487, it shall be clrarly statcd in reports and 
all other appropriate documents, that the dassifi<ation 
symbol and namc arc baxd on visual-manual proccdures. 

5 4 This praetice is to be used not only for idcntiGeation 
of soils in thc field, but also in thc o(Lcc, labotatory, or 
whcrcvcr soil samplcs arc inspcctcd and dcsaibcd. 

5.5 7his practice has particular value in grouping similar 
soil samplcs so that ouly a minimum numbcr of laboralory 
tcsts nccd bc run for positivc soil classifimuon. 

' Nore 4—Thoabililytodocribcnndidcntffy,oilscorrmlyiskarncd 
fiorc rradily undcr thc guidana of ccperianrcd personnal, bu1 it may 
also bc aoquircd syztcmatially by compuing numcrid tabwatory t¢t 

raults for typical Soils of cach tyyc v.ith thcir visual and manual 
charactcrisuQ  

5-6 When describing and identifying soil samplcs from a 
given boring, test pit, or groupaf borings or pits, it is not 
necessary to follow all of the procedures in this pmctice for 
cvery samplc. Soils which appear to be similar ean bc 
grouped together, one sample eompletely dcscribed and 
idcntified with thc othcrs rcferred lo as similar bascd on 
performing only a few of the descripuve and identification 
proccdures dcscribcd in this practice. 

5.7 This practice may be tlsed in combination with 
Practicc D 4083 whcn working with frozcn soils.  

6. Apparams 

6.1 Required Apparatus: 
6.1.1 Pocker Knije or Sma1/ Spatu(a. 
6.2 Usejul Auxiliary Apparatusr 
6.2.1 Sma(/ Tesi Tube and Sfopper (or jar with a lid). 
6.2-2 Small Hand Lens. 

7. Reagcnts 

7.1 Puriry oJ Water—Unlas olhertcise indicatcd, refer- 
cnccs to watcr shall bc undcrriood to mcan watcr from a city 
watcr supply or natural sourcc, including non-potabtc watcr. 

7.2 Hydiochloric Acid—A small bottic of dilute hydro-
chloric acid, HC7, onc pari HQ (10 N) to lhrec paru water 
(This reagcnt fs optional for usc with this practice). Sce 
Scction 8- 
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MMK-,  
(c)Subboundal 	 (d)Suban<War 

FlC 3.  Typica( Angularity o( Bulky Graint 

Safety Precautions 

8.1 When preparing thc dilute HCI solution of one part 
ncentratcd hydrochloric acid (10 N) to threc pattc of 
:tilled water, slowly add acid into water following necasary 
cty precautions. Handlc with caution and store safely. If 

•ion eomes into contact with the skin, rinse thoroughly 
v.2lOr. 

0-2 Caution—Do not add water to acid. 

Sampling 

9.1 The sample shall bc considered to bc reprexntative of 
: stratum from which it was obtained by ao appropriate, 
=eptcd, or standard procedure. 

VotF S—Prafcnbly. thc xamplmg proeodura should bc idcntificd as 
.ing bccn conduttcd in accordanca ~ith Pncticca D 1452- D 1587, or 

? 1 13. or Mmhod D 1586. "- 

92 Thc samplc shall be carefully idcntificd as to origin. 

Noic 6—Rcmarkz u to th< origin ma. ukc Ihc foan of a boring 
mbcr and samplc numbor in conjunctfon ith a job numbcr, a 
>logic stzatum, a pcdologic honzon or a lootion dcscriptioo wfth 
pm to a pCrminfOt monumCnt, G grid sySlCm o( f Siatipn numbc! 
7 ofTsct -ith r¢pm to a sutcd ccnt<rtinc and a dcpth or cicsztion. 

9.3 For accurate description and identification, the min- 
um amount of thc specimcn to be oxamined shall be in 

ABLE t Criteria (or Describing Angularity o( Coarse-Grained 
Particies (see Fg. 3) 

DesaT:a'~ 	 Crrte.:.  

Nglar 	Panc42 Mre >s.arp edges utl nVEtney yane SOCZ ..im 
.R,oJGSI.GA SltaCCS 

Oaner/.ar 	Pancfez are ~ to argaar desaplon tM fu.e 

_.,oroar.ON 	Pandei rvve eearly pl~ s~JCS twA tave v.ea+ai ~6eA 
~ srN eoges 

raoa~.bcd 	Pandcs r.ave znmoYy o,rved sdcs aM ro cAqcs  

accordance with the following schedulc 
Maumum Panid<Sitt, Mioimum spcamca Sir{ 

Sic`'eOpcoicg DrySVOtLt 

4.75 mm (No. 4) 100 t (0-5 tb) 
9.5 mm (iG iaJ 200 t(0.5 ]b) 
19.0 mm (Y. in.) 1.0 kt (22 (b) 
18.1mm(I-4ia) fAkt(Idth) 
75.0 mm (3 in.) 60.0 kt (I ll (b) 

NoTE 7—tf rzndom i5olatcd panida arc cnmuntcrcd that an: 
signilantly larScr  than thc partidcs ia tbc so_il tnatriL thc s_ot7 mattix 
nn bc a¢uraWy dcsrn'bcd and idcnti5cd in a_o~rda~c wi(h thc 
piaccding scltndtilc ~ - 

9.4 If the ficld sample or speamen being czamined is 
smaller than the minimum recommended amount, thc 
rcporl shall includc an appropriatc rcmark. 

10. Descriptive I.nformation for Soils 

10.1 Angulari(y—Describe the angularity of the sand 
(coarrsc sizrs only), gmvd, cobbles, and boulders, as angular, 
subangular, subrounded, or rounded in aceordance with thc 
critcria in Table I and Fg. 3. A tangc of angularity may bc 
statcd, such as: subrounded to rounded- 

10.2 Shape—Dexribe the sbape of the gravel, cobbles, 
and bouldcrs as (lat, elongatcd, or flat and elongated if they 
mect the criteria in Table 2 and Fg- 4. Otherwise, do not 
mention the shapc Indicate the fraction of the partida that 
havc thc shape, such as: onc-third of thc gravel pafiicles are 
Oat. 

10.3 Color—Dcsa-ibe the color. Color is an imponant 
property in idcntifying o(ganic soils, and within a givcn 

7ABt..E 2 Criteria (or Deunbing Particle Shape (see Fig. 4) 

ihe WnlrSC ti,ape YNl Ee Oesmbcd rs IJUwS vA>Qe 1crVCl. wtlat. ar,O 
urRreis .et« ta me qreatesti fuenroGat<. W trsi Gn,«cer¢ a o puticY- 
.espect-ery. 

Flat 	 Parl:cJes 	 > 7 
Ebrqatm 	 Paf.rks wi0, krguy..ioaa> > 
Ftat an0 eb ,gstea 	Psnides me<t aiearia br noa, rtat rV ebryrteC 

4 
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PARTICLE SHAPE 

W = WIOTH 
T =THICKNESS 
L = LENGTH 

T 

FLAT: W/T>3 
ELONGATED: L/W >3 
FLAT AND ELONGATEO: . 
— meefis both criterio 

Flti t Critetia tor Particle Shape 

TABLE 3 Criteria roi Descr(bing 1.lolsture Condition 	- 

Dcso'tion 	 Giterie 

Dry 	 Absmxa of moature. daty. Gy to ete tatC+ 
: M~ 	 nama ~ aa .ivLe .vater 

wet 	 u,v"Ne 4ee .rner, tauaGy soi e beb•+.ntet faDte 

locality it may also bc uscful in idcntifying matcrials of 
similar gcologic origin. If thc samplc contains laycrs or 
patchcs of varying coloti, this shalf bc notcd and 211 
represcntative eolors shall bc described. The color shall bc 
described for moist samplcs. If, the eolor reprcxnts a dry 
condition, this shall be s7ated in the report  

10.4 Odor—pcsaSbc thc odor iforganic or unusual. Soils 
containing a significant amount of organic matcrial usually 
havc a distinctivc odor of decaying vcgetation. -Ihis is 
cspecially apparent in fresb samples, but if the sampies are 
dried, thc odor may often bc revived by heating a moistencd 
sample. If the odor is unusual (petroleum produm cbemical, 
and thc like), it shall be describcd. , 

10.5 Moisture Condilion-13cscribc thc moisturc condi- 
tion as dry, moiri, or wet, in aceordance witb the eriteria in 
Tablc 3. 

10.6 HCI Reaction—Dcscribc thc rcaaion with HCl as 
nonc, weak, or strong, in accordancc with thc critere in 
Tabic 4. Sincc calcium carbonatc is a common ccmcnting 
agent, a repori of its - presence on lhe ba:is of thc reaction 
with dilutc hydrochloric acid is important 

TABLE , G^tetia lor Oescribinq the Reection With HCI 

~ 	 W v.s.Ob taaawa .— 
waak 	 s~ eeacson..atle tt~ t«mvy sbvaY 
stt«5 	vdmt toact:on..•ith Ec~ bmay ecvoeamwy 

TABLE 5 Criteria tor nescribing Censisteney 

peso.poon  CriteAa 

Ywy son Tt~ r.i pmetratc zoi mxa tMn t'n. (25 mm) 
soh Tivro .d qnetrate zN about t A. (75 mml 
Fim Tturo w n7ent sod atw.n Y. n(6 mry 
HW Thmb wi rot iw$drt sai but rea6ay'rMqeckeE rwen a xA,p,.,, 
valy nard TtY/,~w .!a !Ul :,eam SOt 	. 

10.7 Consistenc)—For intact fine-grained soil, describc 
the eonsistency as very soft, soft, fum, hard, or very hard, in 
accordancc with the caiteria in Table 5- This obsavation is 
inappropriate for soils with significant amounts of graveL 

10.8 Cemenm7ion—Lkscribe the cementation or intaet 
coarse-gained soils as we,ak, moderate, or strong; in accord- 
ance with the criteria in Table 6. 

10.9 Structure—Dcscribc the strvcture of intact soils in 
accordance with the criteria in Table 7. 	— 

10.10 Range oJ Panide Sizes—For gravd and sand eom- 
ponents, desaibe the tange of particle siza within each 
eomponeut 2az de6ned in 3.1.2 and 3.1.6. For uample, about 
20 ro finc - to coarx gmvel, about 40 ~3'0 6ne to coarsc sand. 

10.11 Maximum Pariicle Size—Desrn-bc thc maximum 
particie size found in.tht sample in aecordanee with the 
following information: 

10.11.1 Sand Size—If the maximum panide siz.e is a 
sand size, descnbe as fine, medium, or coatse as dehned in 
3.1.6. For examplc: maximum partidc siu, medium sand. 

10.11.2 Gravel Size—If the maumum partide size is a 
gravel sizc, dexribc the maximum partide size as thc 
smallesl sieve opening that the particle will passs. For 
examplc, maximum particle size, 1 1/2 in. (vrill pass a I th-in. 
square opening but not a s/.-in. square opening). 

10.11.3 CobbleorBou/derSize—lfthemaximumparticic 
size is a cobblc or bouldcr size, describc the maximum 
dimension of thc largest particic. For examplc: maximum 
dimension, 18 in. (450 mm).  

10.12 Hardness—Describe the hardnezs of eoarx sand 
and larger particics as hard, or state what happens when the 
panicics arc hit by a hammcr, for example, gravel-size 
panicics fracturc witb considcrablc hammer blow, some 
gravd-size parzides crumble with hammer blow. "Hard" 
mcans panicles do not crack, fractute, or cmmblc undcr a 
hammcr blow. 

10.13 Additional comments shall bc notcd, such as thc 
presencc of roou or root hola, di(<culty in drilling or 
augering hole, taving of trench or hole, or the praenee of 
mim. 

10.14 A local or commcrcial namc or a gcologic intcrprc- 

TABt.E 6 C+ileria lor Besc+ilHng Cementetion 

nesaq~ 	 Cnteru 

weak 	Guitics « breaks wM taarMig « itM1C rrger press,r< 
Mooe,sIe 	G~ « treaks w.Ut owssioerade 4ger presswe 
Svorq 	vfa ~ rnwror « tv<ak ..+n, raqer pteiwe 



(D D 2488 

TABI E 7 Gtteria tor BescAbiny Suuctur® 

oeswton 	 ~ 	 onene 	 ~ 

.aa6ed atemavqmyerso(.erl.ymatenal«m0r..u+by«sat 
bast 6 mm uvoe nole a+ickness 

vn+Wieo Anemavy leyers ot vvy+V meteriel or ador wim rta 
tey«s tess oun 6 mm a.rfc; nota ar*ms 

ss✓ed Breaks 	abrq 	dek+ne pares of 	taaue 	wiot ttae 
«siztance to hacMiq 

:rlrass4ed fraclue parvs apper potsnae er pbssy soe,elvnes 
r>rieted 	 — 

ocky e«~ :w mat o,n ae brokan oe..n wo rntit ,rV" 
tsnps vrtbh resirt ArUw breekdown 

xtsed trlus:on or amae pa*ett of 6n«ent sois. suU as vruc 
ta,ses or aend sonered uawyt a mar: a aay: rote 
d~ a, 

Same caor aw appearw,x mrwptan cmog~ 

ation of the soiS, or both, may be added if identified as surh 
10.15 A ciassification or identification of the soil in 

ccordance with other dassification systems may be added if 
ientified as sueh. 

1. Identification of Peat 
11.1 A sainple eomposed primarily of vegdable tissuc in 

arious stages of dxomposition that has a fibrous to 
,morphous textutc, usually a dark brown to black color, and 
tn organic odor, shall be designatcd as a highly otganic soil 
tnd shall be identified as peat, PI, and not subjected to the 
dentification procedutcs desetibed'nueafter. 

12. Prepatafion for ldentifielfion 

2.1 The soil identiftcation portion of this practice iu 
,sed on the portion of the soil sample that will pass a 3-in. 
75-mm) sieve. The largerYhan 3-in. (75-mm) partidcs must 
x removed, manually, for a loose sampic, or mentally, for 
an intact sample before classifyiug tbe soil. 

12.2 fistimate and note the percentagc of cobbla and the 
percentage of boulders. Performcd visually, these estimatcs 
will bc on thc basis of volume percentage. 

Norr 8—Sincc thc perccnugcs of thc panicic-sac dinribution iu 
Tcst Mcthod D 2487 arc by dry wcight. and th< rnimat<s of pcnsnuga 
for gn ~cl, :znd. and fincs in Ihis pnni¢ arc by dty woight. it is 
rccommcndcd thzt thc rcpon ssatc that thc perccnuga of cobbla and 
bouldcrs arc by ~olumc. . 

123 Of thc fraction of the soil smaller than 3 in. (75 mm), 
cstimatc and notc the percentagc, by dry weight, of the 
grzvd, sand, and fincs (scc Appcndix X4 for suggcsicd 
procccf u res)_  

Nore 9—Sincc thc panide-zizc componcntz app= visually on tb< 
lusis of ~ulumc- mnsidcnblc cxpc+icnrz is tcquircd to caim ~itc lhc 
perccnugcs on nx bavs of dry %cight FrcQucnt comparisuns with 
laboratory panicic-siu xnalysa should ba madc. 

12.3.1 Thc perccntagcs shall bc cstimatcd to thc closcn 
5%. Thc perttntagcs of gravel, sand, and fines must add up 
to 100 %. 

12.3.2 1f one of the componcnts is prescnl but not in 
su(iicicnt quantity to bc considcrcd 5%a of thc smallcr than 
3-in. (75-mm) portion, indieatc its presence by thc term 

ce, for examplc, trace of fincs. A tacc is not lo bc 
nsidcrcd in thc lotal of 100 % for thc componcnts. , 

13. Prel4minary [dentiGettion 

13.1 Thc soil is fine grained if it conlains 50 °.L or morc 

fincs_ Foliow the procedures for identifying finc-graincd soils 
of Seetion 14. 	 - 

13.2 The soil is coarse grained if il tbntains Iesfthan 50 ~ 

fines. Fotlow thc procedures for identifying eoarse-grained 
soil3 of SeCtion 15. 

14. Procedure for ldentifying Fne-Grained Soils 

14.1 Select a representativc samplc of the material for 
examination. Remove partieles latger than the No. 40 sievc 
(medium sand and larger) until a specimcn equivalent to 
about a handful of matetial is available. Use this specimen 
for performing the dry strcngth, dilatancy, and toughncss 
teric 

14.2 Dry Srrengtir 
14.2.1 From the spcdmen, sdect enough mataial to mold 

into a ball about I in. (25 mm) in diameta. Mold thc 
malcrial unffi it has the consistency of putty, adding water if 
neceswy. 

1422 From the molded matuial, make at lcast thtix test 
spximcns. A test specimen shall be a ball of matctial about 
th in. (12 mm) in diameter. AOow the test specimcns to dry 
in air, or sun, or by artifiaal means, as long as the - 
temperature does not extxed 60'C 

14.2.3 if the tcst specimcn contains namral dry lumps, 
those that are about Ifi in. (12 mm) in diameter may bc used 
in place of the molded balls. 

Norr 10—ILe procarc of motding and drytng usuaDy prodt>os 
higAtr Nengths than are found in ortunl dry lump of 5or1 

14.2.4 Test thc strength of The dry balls or lumps by 
cntshing betwecn thc fingea. Notc the suength as nonc, low, 
medium, high, or very high in aceotance with thc aiteria in 
Table E. If natural dry lumps ate used, do not usc thc rrsulu 
oCany of the lumps that arc found to_contain particics of 
eoatse sand. 	` 

14.2.5 The prexnce of high-strength watcr-solublc ee- 
mcnting materials, such as ealeium earbonate, may taux 
exccptionally high dry strcngths_ The presencc of ealcium 
mrbonatc ccan usually be deletted from the intensiry of thc 
reaaion with dilute hydrochloric acfd (see 10.6). 

14.3 Dilatancy: 
14.3.1 From the speeimcn, selett enopgh matcrial to mold 

into a ball about 1/2 in. (12-  mm) in diametcr. Mold the 
material, adding water if nearsary, until it has a soft, but nol 
sticky, consistcncy. 

14.3.2 Smooth thc soil ball in the palm of one hand with 
the blade of a knifc or small spatula Shakc borizontally, 
striking the sidc of the hand vigorously againn the other 
hand several times. Note the reaction of watcr appraring on 

TABIE E Cwiterie lor Bescribing (ky StrrngN 

nne 	Thc try sp~ 	 ixo p~ .*m .noe presnre 
d twtaG y 

tow 	me ay socd.wYr m.wrs :ao po..au ~ so,..e kyer 
oreswre 

Me6Rn 	Tne ery zpecinar beaks rto pazs or mrtdrs w ~m 
~ade r.,gu P,., 

tcyn 	me 	 tx lmre, ..m, U+qrr oress..e- 
Specina+ w-a beak iYO p~ betwee+ 	sM s turd 
sufaoe 

ve7 N¢r 	TTe Gey sYmnen errnt Oe bruken lxn.eer ~ vc aean0 W a 
tvre U.I. 
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TADLE 9  Crtiteria for Desarribing Dllatency 

Ocso"on 	 cnre+ta  

Pbne 	aa .,sAte Ua^W n me soccr+trn  
Sbw 	wa\x appexrs skw.y oo me suface or v.e sparnren dcrr9 

yykng NtC CoeS Mt d'S2P7aW Or dMaPP=s Si~vY Upot 
sauer.'r.,9 

napiC 	watGi appBerZp,pYkty on tfn st<fao° a u\C SpednnMn d.T°g 
yuki+9 eb osappeers qu"  Wa\ sOvoet^V 

TAeLE 10 Criteria tor Describ7n0 Tougturosa  

Des.aripGon 	 cmarta  

Lrnv, 	ONy sryhi pressre a reacired b ro[ the Vr®ad near Cie 
plastic 4nit. Tne uxead and ma Lsnp are xeak arM soR 

MeWen 	Medaxn preSWe s reQJv9d b m1 the iheGd b naer ttm 
plastic fa\et. The mread eno tna k+np 1\ave medaxn stiftr\ea 

tlph 	cont+'IUaOk f>essorc s repired a ma tne nread to near the 
 pfastk irt:t: TTa uread end the krmP have v'ery t*{¢' 
SfiffneSS 	. 	. 	._ 

the sucface of the soil. Squeeze the sample by elosing the 
hand or pinehing the soil betwcen the fingers, and note the 
ttaetion as none, siow, or rapid in accordance wilh the 
eriteria in Table 9. The reaction is the speed with which 
water appwis while shaking, and disappeas whilc squeevng. 

14.4 Toughness: 
14.4,1 Following the completion of the dilataney tesl, the 

tcst specimen is shapcd into an elongated pat and rolled by 
hand on a smooth surface or betwecn the palms into a thread 
about t/a in. (3 mm) in diameter. (If the sample is too wet to 
roll easily, it should bc sprcad into a thin layer and allowed 
to lose somc water by evaporation.) Fold the sample threads 
and reroll repeatedly until the thrcad crumbles at a diameter 
of about 'A in. The thrwd will crumbte at a diameter of t/c 
in. whcn the soil is ncar the plastic limiL Note the presstttt 
required to roll the thread near the plastic limit ALso, note 
thc strcngth of the thrcad. After the thread crumbles, lhc 
pieca should be lumped together and kncaded until the 
lujnp crumbles. Note the toughnezs of the material during 
knwding 

14.4.2 Dcscribc the toughncss of the thread and lump as 
low, mcdium, or high in accordance with the critma in 
Tablc 10. 

14-5 Plasticitp-0n the basis of observations made during 
thc toughness test, dcscribc the planicity of the material in 
accordancc with thc critcria givcn in Tablc 11. ' 

14.6 Decide whcthcr thc soil is an inorganic or an organic 
finc-graincd sofl (scc 14.8). ]f inorganic, follow thc stcps 
®vcn in 14.7. - - 

I4-7 Idenification of Inorganic Fine-Grained Soils: 

TABLE 11 Cuterie for Desonbing Plaslicity 

ocs~o\~o~ ,  cM~a  

NMa231C h 	 ttVeM1 CNYVt DC roPtd at any wa1Ct Wottltt 

Low TTe mreaa can earrry ~e rMea ard tM L<n0 eara ~ot Oe 
Im.,ca w*.ni mcr Ow ~ Rx p ~astc f..:t 

MeOn+rn TTe wea0 s easy \o ro(. W M 	s reQu+eO to 
r~ tne yastc "t The n*<ad 	t oe rerMeo arter 
rea0"`9 \re pWstc vrct. T1 ~e k+^`o rnw~ez .mc\ arter 
tnan trc pas\< t+.e+ 

N-g1 It lake$ oof,s4erat/C tmC (oGg bV' ktca0ry' to l~ tM1c 

Gtds1C ~ TTC 	 11O44 SG~at t,S anlY 

ltd~w'y \rtC [/dstc \++wl Th L/ ~~0 Cd/~ ~f tORr ~eO WN'VU\ 

QIrtN/rty wt'M IXM Tan nK pUSt< 4,H 

14.7.1 Idcntify thc soil as a lean clav, Ct; if thc soil has 
medium to high dry strcngth, no or stow ditatancy, and 
medium toughncss and plasticity (see Tablc 12)- 

14.7.2 Identify thc soil as a jar clay. CH, if the soil has 
high to  very high dry strength, no dilatancy, and high 
toughncss and plasticity (sec Table 12). 

14,7.3 Identify the soil as a sifr, ML, if the soil has no to 
low dry strcngth, slow to rapid dilatartcy, and low toughness 
and ptasticity, or is nonplastic (sce Table 12).  

14-7.4 ldentify the soil as an elasticsilt, MH, if the soil has 
low to mediu m dry strength, no to slow dilataney, and low to 
medium toughness and plasticity (see Table 12), 

NOTE 11—These propenies are simitar to thosc for a kan elay. 
Howere, the silt wll dry Quickly on the tund and bave a smooth, slky 
fcd wficn dry. Some sotis ttut would elassify as MH in amordanec with 
thc citcria in Tcst Mcthod D 2487 att visually ditficvlt to dislinguish 
from kan days, CL It may bc nccatxry to perform taboratory tcning 
for proper iden6fiation. 	' 

14.8 Identijcation ojOrganic Fine-Grained Soilr. 
14-8.1 Identify the soil as an organlc soi1, OLJOH, if the 

soil contains enough otganic particles to in(luence.the soil 
properties. Organic soils uwally have a dark brown to black 
eolor and may have an organic odor. Oflen, otyattic soils wtl! 
ehange color, for example, black to brown, wben exposed to 
thc air. Some organic soil.s wiit lightcn in eolor significanQy 
when air dried- OtZanic soils notmally wt7! not have a high 
toughncss or plaaicity. The thrcad for the toughness test will 
bc spongy. 

NOrE 12—In some asq through pnctice and acpaiene4 it may be 
pvsabl< to furtha idcntify thc organic soilz as orpnic s'1ts or ocganie 
clals. OL or OH- Cortslations bttwzn thc dluancy, dry sucngtiti 
toughncss tcsts, and labontory tcaz nn bc madc to idrnlifv organic soiLs 
in ccnain dcposits of similar matcriafs of known goologic oripjn. 

14.9 If the soil is atimated to have 15 to 25 % sand or 
gravcl, or both, the words "with sand' or "with gavel"  
(whichevcr is more predominanl) ihall be added to the group 
name. For examplc "Ican clay with sand, CL" or `silt vrith 
gravel, ML°  (sce Figs. la and Ib). If the percentage of sand is 
equal to thc perecntagc of gravel, usc `with sand.' 

14.10 If the soi] is estimated to have 30 % or morc sand or 
gravcl, or both, the words "sandy' or "gravellv" shall be 
added to the group name. Add the word 'sandv if there 
appcaa to be more sand than graveL Add the word 
'gravelly' if there appcaa to bc more gravel than sand. For 
example: `sandy Ican clay, CL-, `gravell} fat clay, CH", or 
`sandy silt, ML" (see Figs- la and Ib). If thc percentage of 
sand is equal to the percent of gravel, use `sandc-" 

15. Procedure for ldentifying Coarse-Gnined Soils (Con- 
tains lcss than 50 % hncs) 

15-I The soil is a gravel if the perccntage of gravet is 
estfmatcd to bc more than ihc percentage of sand. 

TADLE 12 Identification of Inorganic Fne-Gralned So71s Irom 
Manual Tcsts 

SIDA 
St*Md 

D.'y Sve~ge\ Gtauncy Twg'»css 

ML None W bW Sbw to rap-0 LP+ W 1ttea0 ran+ot pe 

Q MUjam \o tKp Nd,e to SkM' 
IIX~ 

Mtdµ/n 
MN Low b mc0.in Nonc lo Sbw Lo.+ to  
1]i 1 f9n N.9h 
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15.2 Thc soil is a sand if the perantage of gravd is 
•itnated to be equal to or icss than the peroentagc of sand. 

5.3 Thc soil is a clean gravel or clean sand if thc 
.ccntagc of fines is estimated to bc 5% or less. 
15.3.1 Identify the soil as a well-graded gravel, GW. or as 

we11-graded sand, SW, if it has a widc range of pattide siza 
nd substantial amounts of the iatermediate partide sizes. 

15.3.2 Identify thc soil as a poorlygradedgravel, GP, or as 
poorlygraded san4 SP, if it conststs pr>:dominantly of one 

irt (uniformly graded), or it has a wide tange of zizts with 
3me intermediate sizcs obviously missing (gap -or slap 
raded). 

15.4 The soil is either a gravel with jner or a saad widt 
nes if thc perccntage of fincs is tstimated to bc 15 % or 
tore. 
. 15.4.1 Identify the soil as a dayeygravel, Gt" or a dayey 
2nd, SC, if the fines are clayey ac determined by the 
roocdura in Section 14. 
15.4.2 Identify the soil as a sllty grave4 GM, or a sflty 

xnd, SM, if the ffnes are silry a.s determined by the 
r000duresin Scciion 14.  

15.5 if the so13 is estimated to contain 10 % fines, give the 
1il a dual identification using two group symbols. 

15.5.1 -Ihe fust group symbol shall cortcspond to a cican 
avcl or sand (GW, GP, SW, SP) and the seaond symbol 
taB correspond to a gr-avd or sand with fines (GC, GM, Sr- 
M)• 
15.51 The group name shall cotrespond to the fitsl group 

Tnbol plits the words "with cJay" or "with silt" to indicate 
plasticity eharacteristics of the fioez For czample: 
-graded gravel with clay, GW-GC" or "poody graded 

, with si)t, SP-SM" (see Fg 2). 
15.6 If the spccimen is predominantly sand or gravel but 

lntaias an aiimated 15 % or more of the other coarse- 
aincd constituent, the words "wTth gravcl" or "with sand" 
tall bc added to the group namc. For ezamplc: `poorly 
aded gravel with sand, GP" or "clayey sand with gravel, 
=' (scc Fq. 2).  
15.7 If the field samplc contains any eobbles or boulders, 
 both, the words "with cobbles" or "with cobbles and 
tuldcrs" shall be added to the group name. For ezamplc: 
ilry gravcl with cobbles, GM." , 

,_ Aeport 

16.1 The repori shall includc the iaformation as to origin, 
id thc itcros indicated in Tablc 13.  

NorE i 3-E.cample.-  Clayey Gravel with Smd and Cobbler. GC- 
out 50 % fin< to coarx, subroundcd ta wbangular gnvd; about 30 °b 
c to coarsa, subroundcd saM: about 20 % fincs v.ith modium 
sticity, high dry Arcngth, no dilauncy, mcdium loughoca; v.bk 

TAtILE 13 Chccklist for nescrlplio n  of So71s 

1_ Group name 	 .  
2. c -oup st+rod 	 - 
3. Peroere 01 0000ks or Daldcs. or Eotn (by voprm) 
4. Peroxn d qraNN, ssr4 or trxs, or. V a spd fpl, y'. ppab 
S. Psncle-sixe rarpe: 

cra.d-~y. w.ase 
5= '"f~. 

6. PxrKin rpulxily, sg.Nr, sWVga w. sWw+ded. fO++ned 
7. Particle sfuPe: (4 sPPtnO(lab) ar. ehvjclaC. Ast cM etmy9te4 
a. Ma>j+Y+n p*nide tite ar Qenem"at 
S. Hamaness or cumse s.na.ro Yrgz pwYcbs 

10_ PUstidly d 6rS nd+pas6a. bw, me6un. tiph 	. 
11. ary strx+qtic 	 vxy hign 
12. naatx,cy- nane. zbw. apt 
13. tolgir~ kwv, rtro'14m hiph 	 ' 
14. cobr (n mo'¢( oon6fimj 
15. odar (menliat oNy f oqarfC «unLWe1) 
iG. Masnrc. 6y. tro61. aet 
17. tteaCtiOn with HCt rioM, aee1C itlaq 
(a iYaCf zsala(C.0 
18. eonsalerc-y (tikgaexC sods aNl'J= `erY sdl sort. fiml had. ~y hrti 
19. Suuatra stratifie4 trtwated LsaseC, sGdcrnvOn4 MlrseC, Iqnv 

9~ 
20. Canematlom weak, mo0ix2tct suon] 	 - 
21. tncal name 
22. 6eok-yc :u«preu6an 
23. Ad6tiorW ~ pesenoe or tools er root hoks, presntce d rt¢s, 

9fFvj(tL etc. rufaoe matiys on wazse-yt*i,ed tWtitics. ea'R9 or 
3bu2ttiy d auqer tqk or trcuh s:des, yrfptty in usperip or esrnzfiq. 
etc 

rnction with HQ; oripnil fidd amplc had about 5%(by vvlumc) 
subrounded cobblet, muimum dimcasion, ISO mm. 
. lu-Place Cuoditions-Fum, homogeueous, dry, brouv 

Gcologic Intapraation-Alluvial fan 
Norr 14--0tha c:amplc of soil d<scriplions and idcntifiation arc 

givea in Appcndiaes XI and X2 
NorE 15-If dmie4 ibc paocnugcs of gavcl, sand, and fitxs mry 

bc sratcd in ttrms indicatrng a rangc of prictatagcs, as fotlowr 
Tiece-Putides ate pnsent but ¢umatod to b-,  las thm 5% 

-F~5 to 10 % -  
little-15 to 25 % 
So.ne-30 to 45 % 	_  
Mostly-50 to 100 % 

16.2 lf, in thc soil dcsaiption, the soil is identified using a 
classifimtion group symbol and name as dcscribed in Test 
Method D 2487, it mint bc distinctly and clearly stated in log 
forms, summary tabics, rcports, and the 6kc, that the symbol 
and namc are based on vtsual-manual prt'lcedures. 

17. Precision and Bias 

17.1 This practice provides qualitative information only, 
thcreforc, a precision and bias statement is not applfrablo. 

18. Ke}r'ords 

18.1 classifimtion; clay, gravcl; organic soilr, sand; silt; 
soil classification; soil dcscrlption; visual classificatiou 

t 
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APPENDIXES 

(Nonmandatory Information) 

XL EXAMPLF.S OF YiSUAL SOIL DESCRIPTIO.VS 

X1.1 The following examples show how the information 
rcquircd in 16.1 ean be rtported. Thc informatioo that is 
included in descriptions should bc based on individual 
circumstancas and need. 

X1.1.1 Well-Graded Gravel with Sand (GIl')—About 

75 % fine to eoarse, hard, subangular gravel; about 25 % fine 
to coarx, bard, subangular sand; tracc of fmcs; mazimum 
sizc, 75 mm, brown, dry', no rcaction with HQ. 

X1.1.2 Silty Sand with Gravel (SM)—About 60% prc- 
dominantly finc sand; about 25 % silly fina with low 
plastidty, low dry strength, rapid dtlatancy, and low tough- 
ness; about 15 °k fine, hard, subrounded gravd, a few 
gravel-size pariida fractured with hammer blow, maximum 
size, 25 mm; no react3on with HCl (Note—Feld sample sizc 
smallcr than recommended). 

In-Place Conditions—Firm, stratified and contains lensa 
of silt I to 2 in. (25 to 50 mm) thick, moist, brown to gray;  

in-placc density 106 Ib/ft'; in-placc moisture 9%. 
X1.13 Organic Soil (OL/OHJ—About 100 % fincs with 

low plastiaty, slow dilatancy, low dry suength, and low 
toughncsr wet, dark brown, otganic odor, weak rtaaion 
with HCI. 

X1.1.4 Si(tySandwithOrganicFines(SM)—About75% 
fine to coarx, hard, subangular reddish sand; about 25 % 
organic and silty dark brown nonptastic frncs with no dry 
strcngth and slow dilatancy, wct; maxintum siu, coarsc 
sand; weak reaetion with HC1.  

XL1.5 Poorly Graded Gravd with Silt, Sand, Cobblu and 
Botdders (GP-GM)—About 75 % finc to coarsc, hard, 
subrounded to subangular gtavcl; aboul 15 % frnc, hard, 
subrounded to subangular sand; about 10 % silty nonplastic 
fines; moist, brown; no rcaction with HQ; original ficld 
samplc had about 5%(by volumc) hard, subroundcd 
cobbla and a tracc of hard, subrounded boulders, with a 
maximum dimcnsion of 18 in. (450 mm~ 

X2. USING 'IHE IDEN'IZFIGtTION PROCEDURE AS A DESCRIPI'IYE SYSTEM FOR SHALE, CLAYSTONE, 
SHELLS SLkG, CRUSHED ROCK, AND THE LIXE 

X2.1 The idcntification procedure may be used as a 
dcscriptive system applicd to matcrials that exis-1 in-situ as 
shalc, daystonc, sandstonc, siltstonc, mudstone, etc., but 
convert to soils after field or laboratory procesing (civstattg, 
slaking, and the like). . 

X2.2 Matcrials such as shclls, crushcd rock, slag, and thc 
likc, should be idcntificd as such. Howcvcr, thc procedures 
used in this practice for dcscribing the particle size and 
plasticity eharacteristics may bc used in thc desaiption of thc 
material- If deeircd, an identification using a group name and 
symbol according to this practice may bc as,signcd to aid in 
dcscribing thc matcrial. 

X2.3 "Ihe group rymbol(s) and group namcs should be 
placed in quotation marks or notcd with some typc of 
distinguishing symbol. Scc cxampla- 

X2 4 Ezamplcs of how goup -nama and symbols can bc 
incororatcd into a dcscriptivc systcm for matcrials that am 
not naturally occurring soils arc as fo0ows: 

X2.4.1 Shale Chunks—Rctticvcd as 2 to 4-fn. (50 to 

100-mm) pieccs of shalc from power auger holc, dry, browu, 
no rcaction with HCI. After slaking in water for 24 b, 
matcrial identified as °Sandy Iran Clay (CL)"; about 60 % 
fines with medium plasticity, high dry strength, no dilataney, 
and mcdium toughncss; about 35 % fine to mcdium, hard 
sand; about 5% gravcl-sizc pieces of shale. 

X2.4.2 Cnuhed Sandsione—Produet of eommcrcial 
crushing operation; "Poody Graded Sand vrith Silt (SP- 
SM)"; about 90 4G fine to medium sand; about 10 % 
nonplariic fincs; dry. rcddish-brown, strong rcaction with 
HCI. 

X2.4-3 Broken Shells—About 60 % gravel-sizc broken 
shclls; about 30 % sand and sand-sizc shell picces; about 
10 % fina; "Poorly Graded Gravel with Sand (GP)' 

X2.4-4 Crvshed Rock—Processcd from gravel and cob- 
bles in Pit No- 7; "Poorly Graded Gravel (GP)°; about 90 % 
finc, hard, angular gravel-sac panicles; about 10 % eoarx, 
hard, angular sand-sizc particics; dry, tan; no rcaction with 
HCI. 

\3. SUGGESTED PROCEDURE FOR USING A BORDERLINE SYMBOL FOR SOILS WITI-I TWO POSSIBLE 
I D ENTI FICATIONS. 

X3.1 Since this practice is based on estimates of particic 
sizc distribution and plasticity characqcristia, it may bc  

possiblc basic groups, a bordcrlinc symbol may bc uscd with 
tho two symbols scparatcd by a slash. For cxamplc: SC/CL or 

diflicult to cicarly identify the soil as bcloeging to one 	CL/CH. 
catcgory. To fndicatc that thc soil may fall into onc of two 	X3.1.1 A bordcrlinc symbol may bc ustd whcn thc 



(gb 0 2488 

percentagc of fines is estitnatcd to bc betwccn 45 and 55 °k. 
One symbol sfiould be for a coasse-grained soil with fines 
and thc other for a Gne-grained soil. For ccampie: GM{ML 
x CL/SC. 

X3.1.2 A borderlinc symbol may be used when the 
pereentage of sand and the pereemage ofgravcl are estimated 
to be about the samc. For ezamplc: GP/SP, SC/GC, GM/ 
SM. It is praaically impossible lo have a soil that would have 
a borderline symbol of GW/SW. 

X11.3 A borderline symbol may bc used when the soil 
could be either wcll gtadcd or poorly graded. For ezamplr 
GW(GP, SWJSP. 

X3.1.4 A bordcrtinc symbol may bc tucd whcn thc soil 
cwuld either be a silt or a clay. For ezample: CL/ML, 
CH/MH, SC/SM- 

X3.1.5 A borderline symbol may be used when a fine- 

graincd soil has propertia that indicate that it is at thc 
boundaty bctwcen a soit of low eompressibility and a soil of 
high comprtssibility. For czamplr Cl.lCH, MH/ML 

X3.2 The order of the borderline symbols should rellc¢t 
similatity to surrounding or adjacent soils. For example: soiis 
in a botrow area havc been idcntified as CH. One sample is 
considercd to have a borderlinc symbol of CL and CH. To 
show simiVarity, the borderline symbol should be CHjCL.. 

X3.3 Thc group name for a soil with a borderline symbol 
should be the group name for the frrst symbol, execpt for. 

CL/CH Ican to fat day 
ML/CL elayey silt 
CL(ML silty clay 

X3.4 'fhe ttse of a bordcdine symbol should not be tued 
indiscriminately. Every effort shall be made to first plaa thc 
soil into a single group. 

~ 1 

X4. SUGGE,STED PROCEDURFS FOR ESIIMAITNG 17iE PERCENTAGES OF GRAVEL, SAND, 
AND FINES IN A SOIL SAMPLE 

X4.1 .Iar Method—'lhe relative percentage of eoarx- and 
'finc-graincd material may bc estimated by thoroughly 
shaking a mizturc of soil and watcr in a test tubc or,  jar, and 
then allowing the mixturc to settk. 'Ihe coatsc partides w71 
fall to the bottom and succezsivcly finer particics will be 
depositcd with increasing timc; the sand sizes wi4 fall out of 
suspension in 20 to 30 s. Titc relattve propotuons can be 
estimated from the rclative volumc of each size sepatatc. 
fiis method should bc correlated to particic-size laboratoty 

terminations_ 	 ' 
X4.2 Visuat Method—Mentally visualize thc gravel size 

panidcs plattd in a sack (or othcr container) or sacks. Then, 
3o thc samc witb the sand siu pariicles and the fincs. 'Ilten, 
mcntally eomparc the numbcr of sacks to estimatc the 
xrccmagc of plus No. 4 sicvc sizc and minu5 No. 4 sieve sirs  

presenL The percentaga of sand and fines in the minus sicvc 
siu No. 4 material ean then be estimated from the wasL tcst 
(X4.3). 

X4-3 Wash Test (far re(ative percentages oj sand and 
finesJ—Sclect and moisten enough minus No. 4 sieve size 
material to form a 1-in (25-mm) eubc of soil. Cut the eubc in 
half, set oue-half to the side, and plam the otha half in a 
small distt. Wash and daant the Gnes out of the material in 
the dish until the .vasb water is elcar and ibcn comparc the 
two samples and estimate 1he percentage of sand and fincs. 
Remember that the percentage is based on weigbt, not 
volumc Howcver, the volume compatison will provide a 
erasonable indication of grain size petcentages. 

X4.3.1 While washing, it may be necessary to brrak down 
lumps of Gnes with the finger to get the correet pereentages. 

Tne Mnrran Soc:ery Icv Tettirg OnC Ma(blah tsl:as ro pacitlan rupeo'iq fne varday d Orry pa1M riqAfs caMed in ccMOcylm 
wan uzy <em mem.oney :i f/is LyyarO. Userz N thc 1+aq4r0 eve OrpraaA' +d+a0y  /1.0+ Qe(<rrn✓a(ion o/ flw .aLOky d iny scrJ' 
J,UIdY r.SIIYi, ]/IQ (~ r6k O/ %1/l,rl(pllylq a SLCh 6g/Y3. l/C KQTefy (/MIr ~ 1C$0OM1SItorRy. 

TIV3 31Lq]/C6 SW/Kl 10 rbv3.4'1 ll inY (vIM IN HU :atp?iLrty01<Cl V1iC1/ GOTNlIOE 6I14 rrW3f b0 /GViC-wLty LNYy 1i' yaLS IrIQ 
i( (1J( rlviSp'J. <QfMr r6dq%pTl C! 	 YOUr CMMMI[3 Y0111'/r!J 64Mr ((Y /<ViSqn C( IIYS SfYUYtl Or /C! 1ddAiyfil j1]JR1d16S 

vq sAdM De ~tldrOSSed lo ASTM NeAOQwrtxs. YOUr Ca(miN(i wII receire [arN'Awnsileret:an m s m0e(inp y nK rnzpyaipb 
feGVwcal corimatee, rn:cA yov mry enarr0. p pv I>d tNf you ormawKi nave Ml reccved A rai /aaiuy jw thovJJ mak0 ya,f 
vr~ws kr»wn lo !M ASTM Cartmdlee on SlanCUOS. 1916 Aace SL. PhTaC<Iplva. PA 191Q7. 
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Standard Test Method for 	 — 
Classification of Soils for Engineering Purposes' 

This sutWsrd -u isserod under de fiiod detitnatiun  D 2<87; dte numbc immedistdy foPlm.io` uu: yai`netion indiceta u.e y®r or 
oriritul aEoplion or. in thc ase of as+Goe. tlse Ymr or4sl eevirioa. A aumlut in p4st^ovu iedicaw thc yw of lan tep{xvve!_ A 
supenaipt ePn'lon (<) indinta an editonisl d+u>sc sinee the taa n:.ision or rnppmvil. 

 yhia tey mnhud het been apwo+ed fa mu 6Y arencirt ofthe Depenmau erDdenre. Caanrk thr DOD Iwdes ef Spncilicatiau d 

Srandards/or rhe 	 .Aiet Aar bmv aduprrd bY rhe DeNnmenr ofDd'mse. 	 . 

1. Scope 

1.1 This test method describes a system for elassifying 
mineml and organo-mineral soils for enaneuing purposes 
based on laboratory deternunaaon of particle-zize chataeter- 
istics, liquid limit, and plastieity index and shall be ttsed 
when precise elassifieation is rcquircd. 

Natf 1—Use of this standard vn' ➢ result in a singk elassiGeation 
group rymbol and youp aami accept whcn a sot7 conuias 5 to 12 % 
fines or when the plot of the lpuid limit and plutidty indu valua falls 
into thc crosshatchcd uca of thc plastiary chan. In thcu two cascs, a 
dual symbol "u uscd, for cumplc, GP1'iM, CLML Whcn thc labota- 
tory test sesulu indicate that the wil is dosc to anothu soR datafimtion 
group, thc botdcrtinc modition can bc indicatcd vrith two symbols 
sepvated by a slash. The fust symbol should bc thc oae based on 4tis 
aandard, for eurnplc, QJCH, GM/SM, SC/C7.. Bocdvtine tymbols ' 
arc panicularly useful whcu the 1 -pujd limit valuc of daycy sods is closc 
to 50. Thcsc soils caa bavc o:pan.tivc duractaistia and thc ux of a 
bordcrlinc symbol (CIJCH, Ci/t3,) wilt alcn thc usc or thc assigncd 
'azsifiotions of ccpansivc potcntiaL ' 

1.2 The group symbol portion of this sytem js based on 
~oratory tcsts performed on the portion of a soil sample 

passing thc 3-in. (75-mm) sicve (scc Specification E 11). 
1.3 As a elassification sy"stem, this test method is limited = 

to natur-ally occurring soil_c 

No'rr 2—Thc group namcs and symbots usod in nus ta1 mcthod 
may (x uscd as a dcscriptivc sysicm appli<d to wch matctials u shalc, 
claystonc, sh<Ils, caushcd mck, ctc. Scc Appcodiz -X2 

1.4 This test mGthod is for qualitative application only. 

NorE 3—V:hcn Quanuuti.c information is rcQuircd for dcvilcd 
designs of imporunt struetures, tltis test method muA be suppiemented 
by laboratory tcsts or ocha Quantiutivc dau to dctcrmin< performan¢ 
chanctcristia undcr c:pcctcd fidd conditionz 

1.5 Thc systcm is bascd on thc widely tccogniud Unified 
Soil Classification System which was-adoptcd by several U.S. 
Govemment agencies in 1952 as an outgsowth of theAitfeld 
Classification System developed by A. Casagrandc. 7  

1.6 This standard does not purporl to address 1he safety 
problems associated with its ttse. It is the responsibility of the 
user of this standard to establish appropriate safety and 
health procrices and determine fhc applicabi(jty of regu(atnry 
limitations prior to use. 

' Thia tcs mcthod is undcr thc jurisdicvon o(.tSTM Committ¢ 61t on Soil 
~ ,+d Rock a,d u Nc dirat scspowbility of Subrnmmilv< DIt.OI on Idcotif~- 
uan a,w cl,::if~ tion urS«tz 

Cu`.cnc cdition appro.cd lunc 29. 1990. Pubfi+hal AuN:< 1990. On0'tv1y 
,wWiat,cd u D 2497-66 T.laa pc+:ws<ditioa Dla97-15". 

s  Cssarrandc. A_ -Cluuftotion sod Idcntif,otioo c( Soit, -  Tianrmiwu. 
.SCT- 1948. P. 901-  

2. Referenced Documents 

2.1 ASTM Standardr 
C 117 Test Method for Materials Fner Than 75-pm (No. 

200) Sieve in Minual Aggpegates by Wastune 
C 136 Method for Sieve Analysis of Ftne and Coarx 

Aggrt:gatess  
C 702 Piaetice for Reducing Field Sampks of Aggtcppte 

to Testing Sizc7  
D 420 Prractice for tnvn-tigating a nd Sampling Soil and 

Rock for Engincering Purpous 
D421 Practice for Dry Preparation of Soil Samples for 

Paft9cleSiu Analysts and Detertnination of Soil Con- 
stants' 

D 422 Method for PartideSize Analysis of Soils` 
D653 -I'csminology Relating to Soi1. Ro^!, and Con- 

taincd Fluids' 
D I t40 Ttst Mcthod for Amount of Material in Soils 

Fner than the No. 200 (75-µm) Sievc' 
D2216 Method for laboratory Dctermination of Watcr 

(Moisture) Content of Soil, RocYk  and Soil-Aggrcgatc 
Mutttrts4  

D 2217 Practice for Wet Ptcparation of Soil Sampla for 
PartidcSiu Analyris and Determination of Soil Con- 
stants` 

D 2488 Practice for Desciiption and Identification ofSoils 
(Visual-Manual Procedurc)` 

D4083 Practioe for Dcscrjption of Frozen SoiLs (Visual- 
Mantlal Proccdure)' 

D 4318 Tast Method for Liqnid Limit, Plastic Limit, and 
Plasticity [ndez of Soils` 

D 4427 t7assiGcation of Peat Sampies by Laboratory Test- 
ing' 

E t I Spccification for W-ire-Qoth Sieves for Ttsting Pur- 
Iosesi  

3. Terminology 

3.1 Derinitions—Ezcept as listcd below, ail definitions are 
in accordance with Tcrms and Symbols D 653. 

NosE <--For panicic rctaincd ort a 3-in. (71-mm) U.S. sundard 
ficvt, thc follovriny dcfinifiom are suggcAcd: 

Cobblct—partidct of rock that will pass s 12-io_ (300-mm) squarc 
opcninE and bc rctinrfl on a 3-irt (75-mm) US_ sundasd v<vc, znd 

Bouldcrs—panic}a of rock that will not pass : 12in. (304mm) 
sQuarc opcning 

3.1.1 grave/—panicics of rock that will pass a 3-in, 

s  A«nud B,R,l afASTt! Sa.d r1r;  Vd 01.OZ 
`AnnuulSoo$aJAlt -AfSandarQ; Vo104Ad. 
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75-mm) sicvc and bc retained on a No- 4(4.75-mm) U-S. 
'tndard sieve with the following subdivisions 
Coarse—passes 3-in. (75-mm) sieve and retained on s/.-in- 

(19-mm) sievc, and 
Fine—passes 3/4-in. (19-mm) sicvc and retained on No. 4 

(4.75-mm) sicvo. 
3.1.2 sand—particics of rock that will pass a No. 4 
.75-mm) sieve and bc rctained on a No. 200 (75-Itm) U.S. 
andard sicve with thc following subdivisions: 
Coarse—passes No. 4(4.75-mm) sievc and retained on 

No. 10 (2.00-mm) sieve, 
Meditan—pazses No. 10 (2.00-mm) sicve and retained on 

No. 40 (425-pm) sieve, and 
Fine—passes No. 40 (425-µm) sicve and retained on No. 

200 (75-]tm) sievc. 
3.13 day--soil passing a No. 200 (75-}tm) U.3. standard 
:vc that can be made to ezhibit plasticity (putty-like prop- 
ties) within a range of water contenls and that ezhibits 
msidcrablc strength wben air dry. For classificcation, a t9ay 
a ftne-graincd soil, or the finc-grained portion of a soil, 

:th a plastidty indez equal to or greater than 4, and the plot 
 plasiidty indez versus liquid limit falls on or above the 
t" I'ine.   
11.4 silt—soil passing a No. 200 (75-}tm) U.S. standard 
:ve that is nonplastic or vcry slightly plastic and that 
hibiu iittle or no strength when air dry. For dasafication, 
silt is a fne-grained soil, or thc 5ne-gtamcd pottion of a 
il, with a plasticity indez less than 4 or if the plot of 
ssticity indez versus liquid limit falls below Ihe "A" Gnc. 
1.1.5 organic clay--a day with su[fiaent organic content 
ntiucncc thc soil proputics. For class>fication, an organic 

ty is a soil that would bc ciassificd as a clay ezapt that its 
.uid limit valuc aftcr ovcn drying is lar than 75 % of its 
uid limit value beforc oven drying. 
3:1 6 organic silt—a silt with sull-icient organie eontent to 
lucncc thc soil'propcnia. For classiHcation, an organic silt 
a soil that would bc clazcifscd as a silt ezcept thal its bquid 
7il valuc aftcr ovcn drying is ]css than 75 n.b of its liquid 
iit valuc bcforc ovcn drying 
3.1.7 peat—a soil composed of vegetable tissue in various 
gcs of dccomposition usually with an organic odor, a 
rk-brown to black coloc, -  a spongy coosistency, and a 
turc mnging from fibrous to amorphouz 
1.2 Descriptioar of Ternu Spec(fic to Thir Standard-  - 
1.21 coefjcient of cvrvature, Ce—tbc ratio (Dj/(D lo  x 
,), whcre D., Dyo, and D, o  are the panicle diameters 
raponding to 60, 30, and 10 % finer on,the cvmulativc 
ticic-sizc disiribution cvrvc, respcctivdy. 
-2.2 coelTcient of unljormity, Cu—thc ratio DdD, o, 
_rc D,o  and D, o  are the particle diameters eorruponding 
i0 and 10 % finer on thc cumulative partidc-s¢c distri- 
ion curvc, respc.ciivcly. 

iummary of Test Method 

.I Ai illustratcd in Tablc 1, this classifimtion system iden- 
s thrcc major soil divisions: coanc-graincd soils, hnc- 
ncd soils, and highly organic soils. Thcsc Ihra divisions 
arihcr subdividcd into a total of IS bazic soil groups. 
2 8axd on thc results of visual obscrvations and prc- 
xd laboratory tests, a soil is catalogucd according to the 
e soil groups, assigned a group symbol(s) and name, and 

thcrcby ciassificcl. Thc flow charts, Fig. 1 for finc-graincd 
soiLt, and Fg 2 for eoatx-grained soils, ean be used to assign 
the approptiate group symbol(s) and namo. '  

S. Signiflcance and Use 

5.1 This test method classifia soils from any gcoplaphic 
locatioa into categories repreunting the results of presrn'bed 
labomtory tcsu to detumine the partiele-siu ebaraaeristics, 
the liquid limit, and the plastiaty index. 

5.2 The assigning of a gmup name and symbol(s) along 
with the descriptive infortnation roquircd in Ptaditx D 2488 
ean be used to dexribe a sot7 to aid in the evaluation of its 
signifrcant properiics for enginceting use. 

53 7he various groupings of this dacsification system 
have been devised to eotrclate in a general way with the 
enginccring bchavior of sot7s. ThiS test method prpvides a 
ttseful fust step in any Geld or laboratory invatigation for 
geotechnical engineering putposes. 

S.4 'ILis tesi method may also be ttsed as an aid in 
ttaiaing pasonnel in the.usc of Practice D 2488. 

5.5 This tcst method may be tlscd in combination with 
Practice D 4083 when worlang with frozen solls. 

6. Apparntus 	.. 

6:1 In addition to the apparatus that may be rrquircd for 
obtaining and preparing the samples and conduaing Lhe 
prescribcd laboratory tau, a plasticity chart, similar to Fg. 
3, and a eumulative partide-sizc distn'bution curve, similar 
to Fg. 4, are required. 

Nort: 5-7Le 'll' Gne shown oo Fig. 3 Ivs (xra empi`inlly 
dcttrmincd to bc thc approaimatc'uppa limii for mtunl so11s. It is a 
good ctrojc againsi crtoncous data, and any tctt rcwlu uut plut abovc 
or tolhc k11 of it should be vpieed.  

7. Sampling  

7.1 Samples shall be obtained and identi5ed in accord- 
ance with a mcthod or methods, recommended in Recom- 
mended Practice D 420 or by other acccpted procadures 

7.2 For aocuratc identification, thc minimum amount of 
test samplc required for this tcsi metbod will depend on 
which of thc laboratory tcsu need to be performed. Wherc 
only thc patiicle-size analysi.s of the sample is required, 
spccimcns having the following mitumum dry wcights are 
rcquired: 

Maiimum Partidc Sizt, Minimum Spsimrn Sir{ 
$icre Opcnint D,7 V.'eirhl 

4,73 mm (No- 4) 100 1(0,25 tb) 
9-5 mm (;L io_) 200 [(OS  Ib) 

19.0 mm (Y. ia) 1.0 kj (22 Ib) 
33.1 mm (1 K in_) a_o kr (lt tb) 
73 fl mm (3 in.) 60A ktSll] tb) 

Whenevcr possiblc, thc field samphs should have weights 
two to four timcs largcr than shown. 

7.3 Wheu the liquid and plastic fimit tats must also bc 
performcd, additional material wi4 bc rcquirnd sufiieient to 
providc 150 g to 200 g of soil fincr than the No- 40 (425-}tm) 
sicvc_ 

7.4 If the 6eld sample or test specimen is smaller thao the 
minimum recommendcd amount, tbc rcport shall include an 
appropriatc rcmark. 

a^ _, 
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GROUP   
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8. Classification of Peat 

8.1 A•samplc composcd primarily of vcgetablc tissue in 
various stagcs of dccomposition and has a fibrous to amor- 
phous tczturc, a dark-brown to black color, and an organic 
odor should bc designatcd as a lughly organic soil and shall 
bc classiGed as pcat, PT, -and not subjeaed to the classiGLa- 
tion proccdures dcscribcd hcrcafier. 

8.2 If daircd, clazsiHcauon of type of peat can be per- 
formed in accordancc with l']assification D 4427. 

9. Preparation for QassiGcstion 

9.1 Bcforc a soil can be dasii5cd according to this tcst 
mcthod, gcncrally thc partidc-sizc distnbution of thc minus 
3-in. (75-mm) matcrial and the plastiaty characteristia of 
thc minus No. 40 (425-}tm) sievc matcrial must bc dctcr- 
mincd. Scc 9.8 for the speLific rcquired tests 

9.2 The prcparation of thc soil spcclmen(s) and the testing 
for particic-sizc distribution and fiquid limit and plastidty 
indcx shall bc in accordancc with acceptcd standard procc- 
dures. Two proccdures for prcparation of the soil spccimens 
for lcsting for soil classification purposa arc givcn in 

ppcndixcs X3 and X4. Appcndix X3 dcscribcs thc wct 
.cparation mcthod and is thc prcfcn-cd method for cohesivc 

soits that havc ncvcr dricd out and for organic soils. 
9.3 Whcn rcporting soil classiGcauons dctvrnincd by thi.s 

tcst mcthod, thc prcparation and tat proccdures uscd shall 
bc rcportcd or rcfcrcnccd. 

9.4 Although the tesl procedure used in determining the 
particic-sizc distribution or other considctatioru may rcquire 
a hydromctcr analysu of thc material, a hydromcter analysis 
is not ncce.ssary for soil dassification. 

9.5 Thc percentage (by dry wcight) of any plus 3-in. 
(75-mm) matcrial must be detcrmined aod reponed as 
auxiliary infortnation. 

9.6 Thc maximum particic sizc shall be determined (mca- 
surcd or estimatcd) and reported as auxiliary information. 

9.7 When the cumulative partidc-siu distribution is rc- 
quircd, a set of sieves shall be ux.d which includc thc 
following siza (with the largest siu commensuratc with thc 
maximum panicle size) with othcr sicvc sizes as necded or 
requircd to dcLne lhe particle-sizc distribut3on: 

34a. (75-mm) 
1/an.(19.0-mm) 
No. 4 (4.75-mm) 
No. 10 (2.00-mm) 
No. 40 (425iam) 
No..200 (75-pm) 

9.8 Thc tcsts rcquircd to be performcd in prcparation for 
classiCication arc as follows: 

9.8.1 Eor soils estimated to contain lcss than 5% fines, a 
plot of'thc cumulativc particic-size dLsuibution curvc of thc 
fraction coarsu than thc No. 200 (75-pm) sicvc is rcquired- 
Thc cumulativc partidc-sizc distribution curve may bc 
plottod on a graph similar to that shown in Fg 4. 
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LIQUID LIMIT (LL) 
FlG. J Pteaticity Chett 

2 For soils atimatcd to contain 5 to 15 % fincs, a 
,,lative particle-size distribution curve, as daenbed in 

.1, is rcquircd, and the liquid limit and plastidty index are 
uitcd. 
18.2.1 If sulIIcicnt material is not available to detctmine 
liquid limit and plastiaty indcz, the fines should be 

mated to be either silty or elayey ucing the procedura 
cribcd in Practicc D 2488 and so noted in the rcpotL 
.8.3 For soils cstimated to contain 15 % or more fines, a 
:rmination of thc perccnl fines, percent sand, and pesent 
+d is requircd, and the liquid limit and plastieity index 
rcquired. For soils cstimated to eontain 90 % fines or 

-c, ihc percent fines, pertxnt sand, and pereent gravel 
, bc cstimated using the procedures described in Practice 
488 and so noted in the reporL 

Preliminary ClassiGcation Procedure 

).] Class thc soil as finc-grained if 50 % or morc by dry 
ht of thc test specimen passcs the No. 200 (75-pm) sievc 
follow Scction 11. 
1.2 Class the soil as coatx-grained if morc than 50 % by 
wcight of thc test specimeo is retained on the No. 200 
Jm) sicvc and follow Scction 12. 

Procedure ror Classificstion of Fme-Cmined Soils (SO % 
Dr morc by dry weight passing the No. 200 (75-µm) 
[icvc) 

' Thc soil is an inorganic day if thc position of thc 
ity indcx vcaus liquid limit plot, Fig. 3, falls on or 

c thc -A -  lincq thc plasticity indcx is grcatcr than 4, and 
rescncc of otganic mattcr docs not influcncc thc liquid 
as dctcrmincd in 11.3.2. 

NOTE 6—Thc ptzslicity index and liquid limit an: dctennincd oo thc 
minus No.40 (425 µm) sicvc matuiaL 

11.1.1 Classfy the soil as a lean clay, CL, if the Gquid 
limit is lar than 50. Scc area identified as CL on Fg 3. 

4 L1.2 Clasiify the soil as ajat elay, CH, lrthe liquid Gtnit 
is 50 or gteater. Sec area identified as CH on Fg. 3. 

Norr 7—In oacc whcre the liquid Iimit exceeds 110 or the piastidry 
indri ezeeats 60, the Pluticity ehut may bc expanded by maintaining 
thc ame scale on both axa and utending the'A -  line at the indiated 
slopc 

11.1.3 Classify thc soil as a silty clay, CL ML, if the 
position of the plasticity indcx verstu liquid limil plot falls 
on or abovc the "A` line and the plastiaty index is in the 
range of 4 to 7_ See arca identified as CLML on F'g. 3. 

11.2 Tlte soil is an inorganic silt if the position of thc 
plastiaty indcx vcrsus liquid limit plot, Fg 3, falls bdow thc 
"A° hne or the plastidty index is Iess than 4, and prrsenee of 
otganic matter doa not in(luence the liquid Gmit as deler- 
mined in 11.3.2. 

11.2.1 Qassify the soil as a si/t, MI_ if the liquid fimit is 
less than 50. See atea identified as ML on Fg. 3. 

I 1-2.2 Classify thc soil as an elastic silt, MH, if the 6quid 
limit is 50 or grwter. Sec area identificd as MH on Fg_ 3. 

11.3 7Lc soU is an otganic silt or day if otganic matter is 
present in sulficient amounu to iniluencc thc Gquid limit as 
dctcrmined in 11.12.  

11.3.1 If the soil has a dark eolor and an organic odor 
when moitt and warm, a second liquid limit tat sbatl bc 
performed on a tat spccimcn which has txen oven dried at 
110 t S•C to a constant wcight, typically ovcr night. 

11.3.2 Thc soil is an organic sill or organic day if thc 
liquid limit aflcr oven drying is Icss than 75 % of thc liquid 
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limit of the original spedmen determined bdotc oven drying 
(scc Proccdurc B of Practice D 2217}. 

1 1.3.3 Classify the soil as an organie silt or organic clay, 
OL, if the liquid Iimit (not oven dried) is less than 50 %,. 
Classify the soil as an organicrsilt, OI_ if the plastiaty imle'< 
is leu Ihan 4, or thc position of the plaAiaty index vetnu 
liquid limit plot falls bdow the `A" Gne- Classify the soil as 
an o.ganic clay, OL, if the plasticity index is 4 or grcater and 
thc position of the plasticity index versiss liquid limit plot 
falls on or abovc thc "A" linc. See area identified as OL (or 
CL-ML) on Fg. 3. 

1 1.3.4 Classify thc soil as an orgahic day or organic si(l, 
OH, if thc liquid limit (not oven dried) is 50 or grcater. 
Classify the soil as an organic silt, OH, if the position of thc 
plasticity indcx versus Gquid limil plot falls bclow 1he "A" 
linc. Classify thc soil as an organic clay, OH, if thc position 
of the plasticity indez versus liquid-limit plot falls on or 
abovc the "A" linc See atra idcnti6ed as OH on Fg. 3. 

11.4 If lcss than 30 % but 15 % or more of the tcst 
spccimcn is retained on the No. 200 (75dt.m) sieve, the words 
"with sand" or `with gravel" (whichevu is predominant) 
shall be added to thc group name. For exampie, lean elay 
with sand, CL; silt with gmvel, ML. If the pucent of sand is 
equal to thc perecnt of gravel, use'with sand." 

11.5 If 30 % or more of the test specimcn is retaincd on 
thc No. 200 (75-pm) sicve, thc words `sandy" or "gtavelly" 
shall bc addcd to thc group nama Add the word "sandy" if 
30 % or morc of thc tcst spcdmcn is rctaincd on thc No. 200 
(75-}rm) sicvc and thc coarx-graincd portion is predomi- 
nantly sand. Add thc word "gravclly" if 30 % or morc of thc 
tcst spccimcn is rctaincd on thc No. 200 (75-pm) sicvc and 
thc coarx-gr-aincd portion is prcdominantly gravcl. For  

example, sandy lean elay, CL; gravelly fat clay, CH; sandy 
silt, ML. If the percent of sand is equal to the percent of 
gravel, ux °sandy." 

12. Procedure for Classificafion=of Coarsc-('rained Soils 
(morc than 50 % retained on the No. 200 (75-µm) sievc) 

12.1 Class the soil as gravel if morr than 50 % of the 
coasx fraction [plus No. 200 (75-µm) sieve] is retained on 
thc No. 4 (4.75-mm) sicve- 

12.2 Class thc soil as sand if 50 % or morc of the eoarsc 
fmction [plus No. 200 (75-Pm) sieve] passes thc No. 4 
(4.75-mm) sievc.  

12.3 If 12 % or less of the test specimen pasus the No. 
200 (75-pm) sievc, plot the eumulative particle-size distribu- 
uon, Fig. 4, and compute the eoefLdent of uniformity, Cu. 
and cocfficient of curvature, Cc, as given in Eqs 1 and 2. 

CL ` D4WDw 	 (1) 

Cc = (Da/(Dto X Dso) 	 (2) 
where: 
D ta, D. and D60  = the partide-stze diameters corrc- 
sponding to 10, 30, and 60 %, rapeetivdy, passing on the 
eumulative pariiele-size distribution eurve, Fg. 4. 

NorE 8—It may bc n<casary to cnnpolatc thc cvrvc to obuin thc 
D, a  dumttcr. 

12.3.1 If las than 5% of the tcst specimen passcs thc No. 
200 (75-pm) sieve, dassify the soil as a well-graded grovel, 
GW, or well-graded sand, SW, if Cu is greatcr than 4.0 for 
g,tavd or grcatcr than 6.0 for sand, and Cc is al Icast 1.0 but 
not morc than 3.0. 

12.3.2 If Iess than 5% of the teri speeimen pas.ses the No. 
200 (75-pm) sfcvc, classify thc soil as poorly graded gravcl, 
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GP, or poorly graded sand. SP, if either the Cu or the Ce 
iteria for well-graded soiis arc not satisfied. 
12.4 If more than 12 % of the test specimcn passa the 

No. 200 (75-pm) sicvc, thc soil shall bc considercd a 
:oarse-giained soil with fines. 'ilic fines are detumined to bc 
9lher dayey or silty based on thc plasticity indu versus 
iquid limit plot on Fig. 3. (See 9.8-2.1 if insu)faent material 
tvailable for testing). (See NorE 6) —. 

12.4.1 Classify the soil as a clayey gravel. GC, or clayey 
rand. SC, if thc fina ate elaycy, that is, the position of the 
ilastieity index versus liquid limit plot, Fg. 3, falls on or 
tbove the "A" line and the plastidty indez is gecata than 7. 

12.4.2 Qassify the soi] as a siltygravel, GM, orsiltysand, 
:M, if the Gncs are silty, that is, the posttion of thc plastidty 
ndex versus liquid limit plot, Fg. 3, falls bclow the "A" line 
tr the plastieity index is lar than 4. 

12.43 If the frncs plot as a sHty day, QrML, classify the 
oil as a silty, dayeygravel, GC4"iM, if it is a gtavd or a sil[y, 
layey sand, SC-SM, if it is a san(i 

12.5 If 5 to 12 % of the test spedmcn passa the No. 200 
75-µtn) sieve, give the sot7 a dual classifcation using two 
roup symbols- 

12.5.1 T}te first group symbol shall corrapond to that for 
gravel or sand having less than 5% fines (GW, GP, SW, 
P), and thc second symbol sha)1 correspond to a gravcl or 
and having more than 12 % fincs ((3C, GM, SG SM). 

12.5.2 The group name shall correspond to the fitst group 
ymbol plus "with clay" or 'with silt" to indicratc thc 
Iasticity characteristics of the fines. For exampk, vrcll- 
tded gravel with clay, GW{'iC; poorly graded sand with 

.,L, SP-SM (See_ 9-8.2.1 if insu(hcicnt matcrial available for 
sting). 

NorE 9—If thc fina plot as a silty clay, CLMI_ thc savnd gruup 
,mbo1 should bc cither GC or SC Foreumplt a poody gnded sand 
ith 10 % finc; a liQuid limit of 20, and a plaaicdty indcz o(6 would bc 
asif,cd as a poorly gradcd sand witb :ilty day, SP.SC  

12.6 If the specimcn is prcdominantly sand or gravel but  

contains 15 4b or more of the other eoatx-grained eonstit-
uent, thc words "with gravel"  or "with sand" shall be added 
to the group name.  For example, poorly graded gnvel with 
sand, ctaycy sand  with gnvcL 

12.7 If the ficld sample eontaincd any eobbles or bouldets 
or both, the words "with cobbla," or °with cobWes and 
boulders` shall be added to the group name. For example, 
silty gnvel with cobblcs, GM. 

13. Report 

13.1 The report should dndude lhe group namc, group 
symbol, and the mattlts of the labotatory tests. Yhe partide- 
sitt distn-bution shall be given in tcnns of percent of gravel, 
sand, and fines Thc plot of the cttmtttative partide-srze 
distn'bution cvrve shall be repotted if ltsed in ctassifying thc 
soil. Report appropriatc dcscriptivc information aanrding to 
the procedutcs in Praaia D2488. A loeal or eommarial 
name or geologic intcrpretation for thc material lnay be 
addcd at the end of the descriptivc infortnation if identified 
as such. The tcst proadures used shall be teferenad. 

Nati: 10—Erample: C7ayey Grard wi[h Send and Cob6ta (GC}- 
46 % finc to coanc, hatcL subcoundad gavd; 30 % 6ne to cnatx, turd, 
subroundcd sand: 24 % daycy fincs, 11. — 38, Pt — l9; .vk icaction 
wGth HQ; original field sampk had 4% h:rd, subroundcd eobbles ~ 
matimum dimcnsion 150 mm. 

In-Plaa Conditions—firm, homogeowu; dry, bro.vn_ 
Gcologic lntetprculion--alluvial (aa 
NorE 11—Alhet eumplrs orsotl dctriptions art given in App<ndiz 

Xl. 

14. Precision and Bias 

14.1 This tat method provides qualitative data onlr, 
tbcrefore, a prccision and bias statement is nonapplicable. 

15: %eywords 	 --- 

15.1 Atterberg limits; classificatioa; day, gradation; 
gravcl; taboratory classiGcation; organic soils -  sand; silt; soil 
elassifica tion; - soi] tests 	 ~ 

(~ L 

APPENDIXES 

(Nonmandatory Information) 

XI. EXAMPLES OF DESCRIPTIONS [7SING SOIL CLASSIFICATION 

X 1.1 l7ie following examples show how ihe information 
,quircd in 13.1 can bc «ported- lbe appropriate dacriptivc 
,formation from Practicc D 2488 is included forillusuative 
irposcs. The additional dacriptive terms that would ao 
tmpany the soil classification should be based on the 
tcndcd use of thc dassification and the individual circum- 
anccs. 
X I.1.1 Wel1-Graded Gravel with Sand (GNg-73 % ftne 
 coarx, hard, subangular gmvcl; 23 % finc to coarsc, hard, 
lbangular sand; 4% finer, Cc = 2], Cu = 12.4. 

t] r  1.2 Si![y Sand wr[h Gravel (SAO-61 % p rAomi- 
.ntly 6nc sand; 23 % silty fincs, LL = 33, Pl = 6; 16 % finc, 
,.rd, subroundcd gravcl; no rcaction with HCI; (Gdd samplc  

smaller than recommended). In-Place Conditians—Firm, 
siratiGed and eontains lenses of silt 1 to 2 in. thick moist, 
brown to gray, in-placc dcnsity = 106 Ib/ft 3  and in-placc 
moisturc = 9 %. 

X1.1.3 Organic Clay (OLJ—(oo % fines, LL (not dried) 
= 32, LL (oven dried) = 21, PI (not dried) = 10; wct, dark 
brown, otganic odor, wcak reaction with HCI. 

X 1.1.4 SIIty Sand with Organfc Fines (SMJ-74 °.b fine to 
coarsc, hard, :ubangular rcddish sand; 26 % otganic and silty 
dark-brown fincs, LL (not dricd) = 37, LL (oven dricd) = 26, 
PI (not driod) = 6, wct, wcak rraction with HCL 

X 1.1.5 Poorly Graded Gra vel with Silt, Sand, Cobbles and 
Boa1ders'(GP-GM)-78 % finc to eoacsc, hard, subroundcd 
to subangular gravcl; 16 % fine to warsc, hard, subroundcd 
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to subangufar sand; 6% silty (cstimatcd) fincs; moist, brown; 
vo rcaction with HCt; original field samplc had 7% harc1, 

subrounded eobbtes and 2% hard, subroundcd bduldcrs 
with a maximum dimcnsion of 18 in. 

X2. USING SOIL CLASSIFICATION AS A DESCRIPTIVE SYSTEM FOR SI-IALE, CLAYSTONE, SfiELLS, 
- 	 SLAG, CRUSHED ROCK, ETC 

X2.1 The group names and symbols used in this tcsl 
method may be used as a - descriptive system applicd to 
malerials that exist in situ as shale, claystone, sandstonc, 
siltstonc, mudstonc, ete., but convca to soils ailer ficld or 
laboratory procasing (crushing, slaking, ctc). 

X2.2 Materials such as shells, erushed rock, slag, etc., 
should be identified as such. However, the procedures used 
in this method for describing the particle siu and plastiaty 
eharaeteristics may be used in the daaiption of the matcrial. 
Ifdesired, a dassification in accordanco with this test method 
may be ascigned to aid in desaibing the materiaL 

X2.3 If a elassification is used, the group symbol(s) and 
group namrs should be placed in quotation marks or notcd 
with some type of d'tstinguishing symbol. See exampla. 

X2.4 Examples of how soil dassificatiort.s eould be incor- 
porated into a desaiption system for matetials that arc not 
naturally occurring soils are as follows: 

X24.1 Shale Chunks-Retrieved as 2 to 4-in. pieces of 
shalc from power auger hole, dry, brown, no reaction with 
HQ. Afler laboratory processing by slaking in water for 24 h, 
matcrial dacsified as "Sandy Lean Qay (CL)"---61 % dayey 
fincs, LL a 37, Pl = 16; 33 % fine to medium sand; 6% 
gravet-siu pieccs of shalc. 

X2.4.2 Crushed Sanduone-Produet of eommcrcial 
cnishing opemtion; "Poorly Gradcd Sand with Silt (SP- 
SM)"-91 % fine to medium aand; 9% silty (estimated) 
frna; dry, reddish-brown, strong reaetion with HQ 

X2_4.3 Broken She1ls-62 % gmvel-itze broken shclls; 
31 % sand and sand-stze sheB pieas; 7°.b frncs; would bc 
dassified as "Poorly Graded Gravel with Sand (GP)". 

X2.4.4 Cnerhed Rock-Processed gravel and eobbles 
from Pit No. 7; "Poorly Gtadcd Gravel (GP)"-89 % fine, 
hard, angular gmvel-siu particles; I I% coarsc, hard, angular 
sand-sizc partidcs, dry, tan; no teaction with HCI; Cc = 2.4, 
Ct = 0.9. 

X3. PREPARA'fION AND 1FSTING FOR CLISSIFICATION PURPOSES BY 'IIiE WET METHOD 

X3.1 This appendix describa the steps in preparing a soil 
ample for testing for purposcs of soil dassification using a 
vct-prcparation proccdurc. 

X3.2 Samples prepared in accordance with this procedure 
should contain as much of their natural water eontent_as-_ 
possiblc and evcry cffort shoutd bc madc during obtaining, 
prcparing, and transportating the samples to maintain thc 
natural moisturc. 

X3.3 The proccdura to bc followed in this tcst mcthod 
assume that the field sample eontains fines, sand, gravel, and 
plus 3-in. (75-mm) panicics and the eumulative partide-sizc 
distribution plus the liquid limit and plasticity indcx valucs 
arc required (scc 9.8). Some of thc following steps may bc 
onlittcd when they are not applicable to the soil bcing testcd. 

X3.4 If the soil contains plus No. 200 (75-µm) particla 
that would degradc during dry sieving, use a test proadure 
for dctermining thc panicic-sizc characteristics that prcvcnts 
this dcgradation.  

X3.5 Sincc this classification systcm is limitcd to thc 
portion of a sampic passing thc 3-in. (75-mm) sievc, thc plus 
3-in. (75-mm) material shall be removed prior to the 
determinalion of the particle-size eharacteristics and thc 
liquid limit and plastiaty index. 

X3.6 The portion of thc field samplc finer than thc 3-in. 
(75-mm) sicvc shafl bc obtaincd as follows: 

X3.6.1 Scparatc thc ficld sample into two fraaions on a 
3-in. (75-mm) sicvc, bcing carcful to maintain thc natural 
watcr contcnt in thc minus 3-in. (75-mm) fracuon. Any 

- particics adhcr9ng to thc plus 3-in. (75-mm) particics shall bc 
brushcd or wipcd ofT and placcd in thc fraction passing thc 
)-in. (75-mm) sicvc. 

X3.6.2 Delcrminc thc air-dry or ovcn-dry wcight of thc 

fraetion retained on the 34n. (75-mm) sieve. Detcrmine the 
total (wet) wcight of the fradion passing thc 3-in. (75-mm) 
sieve. 

X3.63 Thoroughly miz thc haction passng thc 3-in- 
(75-mm) sieve. Determine the watu eontent, in accordancc 
with Method D 2216, of a representative speamen with a 
minimum dry wcight as rcquircd in 7.2. Savc thc watcr- 
eontent specimen for determination of the parucle-sizc 
analysis in accordaucc with X3.8. 

X3.6-4 Computc the dry weight of the fraction passing the 
3-in. (75-mm) sieve bascd on the water eontent and total 
(wet) weighL Computc the total dry weighl of the sample and 
calculate the perccntag_e of material retained on thc 3-in- 
(75-mm) sieve. 

X33 Dctermine thc liquid limit and plasticity indcz as 
follows: 

X3.7.1 If thc soil disaggregates rcadily, mix on a cican, 
hard surface and select a represcntative sample by quartering 
in accordance with Methods C 702. 

X3:.1-1 If thc soil eontains eoarsc-grained particla 
eoated with and bound togethcr by tough elayey matuial, 
take extreme care in obtaining a rcprescntativc portion of the 
No. 40 (425-pm) fraction. Typitally, a largcr potvon than 
nortnal has to bc scicctcd, such as the minimum weighu 
rcquircd in 7.2 

X3.7-1-2 To obtain a rcprcuntativc spcdmcn of a basi- 
cally cohaivc soil, it may bc advantagcous to pass thc sod 
through aJ/.-in. (19-mm) sicvc or othcr convcnicnt sizc so 
thc matctial can bc morc casily mixcd and thcn quartcrcd or 
splil to obtain thc rcpresentativc spccimcn. 

X3.71 Proccss thc rcprescntatfvc spccimcn in accordancc 
with Proccdurc B of Practicc D 2217. 
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X3.7.3 Perform thc liquid-limit test in acttrordance with 
Test Method D 4318, except the soil shall not bc air dlied 
prior lo the test. 

X3.7.4 Perform thc plastic-limit t<st in accordance with 
Test Method D 4318, except the soil shall not bc air dried 
prior to thc tcst, and calculatc thc plastidty iodcx. 

X3.8 Determine the partide-size distribution as follows: 
X3.8.1 If the water eontcm of thc fraction passing the 

3-in. (75-mm) sicve was rcquired (X3.6.3), ttsc thc water- 
contcnt spcdmen for determining the partide-size disuibu- 
tion. Othuwise, selecl a reptcsentative spcamen in aocord- 
ancc with Practicc C 702 with a minimum dry waght as 
nxluircd in 7.2.  

X3.8.2 If the cumulative partide-siu distribution in- 
cluding a hydrometer analy'sis is required, dctertliine the 
particle-siu distnbution in aocordance with Method D 422. 
See 9.7 for the sct of rcqu -ued sieves. 

X3.8.3 If the eumulative panicle-size distribution without 
a hydromelcr analysis is required„ determine the-particic-size 
distribution in aocordance with Method C 136. See 9.7 for 
the set of required sieves.  The specimen should be soaked 
until all elaycy aggmgations have softcned and then washed 
in aa.nrdaltce with Test Method C 117 prior to performing 
the panide-stzt distribution. 

X3.8.4 If the eumulative panicle-siu distribution is nol 
required, determinc the pereent fines, pucent sand, and 
percent gravel in the spcamen in accordana with Test 
Method C 117, bcing sure to soak thc speamen long enough 
to soflcn all claycy agglcgations, followcd by Method C 136 
using a nest of sievcs which shall includc a No. 4(4.75-mm) 
sieve and a No. 200 (75-µm) sieve. 

X3.8.5 Calculate the pertxnt fines, percent sand, and 
percent gravel in the mintu 3-in. (75-mm) fraction for 
dassification pnrposu. 

X4. AIR-DRIED METHOD OF PREPARATION OF SOILS FOR TESIING FOR CLtS.SIFICATION PURPOSES 

X4.1 This appendivt desrn'bes the steps in preparing a soil 
sample for tcsting for purposcs of soil classification when 
air-drying the soil before tating is speafied or deairs:d or 
when thc natural moisturc eontent is near that of an air-dried 
state. 

X4-2 If the soil contains organic matter or mineral 
.olloids that arc irrcvctsibly affccted by air drying, the 

wet-preparation method as desmbed in Appendix X3 should 
bc uscd 

X4-3 Since this classification system is limited to the 
portion of a samplc passing the3-in: (75-mm) seve, the plus 
3-in. (75-mm) material shall bc removcd prior to the 
determination of the pariicle-itu eharaeteristics and the 
liquid hmit and planicity indez. 

X4-4 Thc ponion of the field sample finer than the 3-in. 
(75-mm) sicvc shall bc obtaincd as follows: 

X4-4.1 Air dry and weigh the field samplo. 
X4.4.2 Scparatc thc "ficld samplc into two fractions on a 

3-in. (75-mm) sicvc_ 
X4.4.3 Weigh the two fractions and eompute thc per- 

ccntagc of the plus 3-in_ (75-mm) matcrial in thc field 
samplc. 

X4.5 Determine the particle-siu distn-bution and Gquid 
limit and plastidty indcz as follows (sce 9.8 for whcn thcse 
tesu arc required): 

X4.5.1 Thoroughly mix thc fraction passing thc 3-in. 
(75-mm) sicvc. 

X4.5.2 If the cvmuladve particle-size distn-bution in- 
duding a hydrometu analysis is rcquired, dcterminc thc 
partidc-siu dutnbution in accordance with Method D 422. 
Sec 9.7 for the sct of sicva that is tequired. 

X4.5.3 lf the cwmulativc particle-sizt distribution without 
a bydrometer analysis is rcquircd, determine the particic-size 
d~istn'bution in accordance with Test lkfethod D 1140 fol- 
lowed by Method C 136. Scc 9.7 for the set of sieves that is 
ttquircd_ 

X4.5.4 If the eumulative panicie-size distribution is not 
requircd, detcmtinc thc pereent fines, poreent sand, and 
percent gravel in the sperimen in aeeordance with Tat 
Method D 1140 followed by Method C 136 using a nest of 
sieves whieh shall include a No. 4(4.75-mm) sieve and a No. 
200 (75-µm) sicvc - 
' X4.5.5 If requircd, dctermine the liquid limit and the 

plastidty index of the tat spccimen in accordanee witlt Test 
Method D 4318. 

X5. RATIONALE 

X5.1 Significant revisions wcrc madc lo the standard 
which appcared as D 2487 — 83 from the previous vusion of 
D 2487 — 69 (1975). 711e ehanga are documented in the 
litcraturt. 

X5.2 Changcs in this vcaion from thc last indudc Ihe  

addition of 8.2 on classifieation of peat, the addition of 4-5 
on dassification of frozcn soils, thc addition of NorE 6 for 
darifieation of matcrials uscd to determine the plasticity 
indcx and Gquid limit, and thc addition of Appcndix X5 on 
Ralionalc. 

IC 
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SOIL AND ROCK SAMPLE ACQULSITION 

1.0 PURPOSE 

The purpose of this procedure is to describe the handling of rock cores and subsurface soil samples collected 
during drilling operations. Surface soil sampling also is described. 

	

2.0 	SCOPE 

The methods described in this SOP are applicable for the recovery of subsurface soil and rock samples 
acquired by coring operations or soil sampling techniques such as split-batrel sampling and thin-wal led tube 
sampling. Procedures for the collection of surface soil samples also are discussed. This SOP does not 
discuss drilling techniques or well installation procedures. ASTM procedures for 'Penetration Test and 
Split-Barrel Sampling of Soils,"'Thin-Walled Tube Sampling of Soils," and'Diamond Core Drilling for Site 
Investigation" have been included as Attachments A through C, respectively. 

	

3.0 	DEFINTTIONS 

Thin-Walled Tube Sampler  - A thin-walled metal tube (also called Shelby tube) used to recover relatively 
undisturbed soil samples. These tubes are available in various sizes, ranging from 2 to 5 inches outer 
diameter (O.D.) and 18 to 54 inches length. 

Spl it-Barrel Sampler  - A steel tube, spl it in half lengthwise, with the halves held together by threaded collars 
at either end of the tube. Also called a split-spoon sampler, this device can be driven into unconsolidated 
materials using a drive weight mounted on the drilling string. A standard split-spoon sampler (used for 
performing Standard Penetration Tests) is two inches O.D. and I-3/8-inches inner diameter (I.D.). This 
standard spoon is available in two common lengths providing either 20-inch or26-inch intetnal longitudinal 
clearance for obtaining 18-inch or 24-inch long samples, respectively. 

Grab Sample  - An individual sample collected from a single location at a specific time or period of time 
generally not exceeding 15 minutes. Grab samples are associated with surface water, groundwater, 
wastewater, waste, contaminated surfaces, soil, and sediment sampling. Grab samples are typically used to 
characterize the media at a particular instant in time. 

Composite Samples  - A sample collected over time that typically consists of a series of discrete samples 
which are combined or'composited." Two types of composite samples are listed below: 

• 	Areal Composite : A sample collected from individual grab samples collected on an areal 
or cross-sectional basis. Areal composites shall be made up of equal volumes of grab 
samples. Each grab sample shall be collected in an identical manner. Examples include 
sediment composites from quarter-point sampling of streams and soil samples from grid 
points. 

• 	Vertical Composite : A sample collected from individual grab samples collected from a 
vertical cross section. Vertical composites shall be made up of equal volumes of grab 
samples. Each grab sample shall be collected in an identical manner. Examples include 
vertical profiles of soiUsediment columns, lakes and estuaries. 
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4.0 	RESPONSIBILTTIES 

Proiect Manager - The Project Manager is responsible for ensuring that, where applicable, project-speci6c 
plans are in accordance with these procedures, or that other approved procedures are developed. 
Furthermore, the Project Manager is responsible for development of documentation of procedures which 
deviate from those presented herein. 

Field Team Leader- The Field Team Leader is responsible for selecting and detailing the specific sampling 
techniques and equipment to be used, and documenting these in accordance with the Sampling and Analysis 
Plan. It is the responsibility of the Field Team Leader to ensure that these procedures are implemented in 
the field and to ensure that personnel performing sampling activities have been briefed and trained to execute 
these procedures. 

Drillin¢ Inspector - It is the responsibility of the drilling inspector to follow these procedures, or to follow 
documented, project-specific procedures as directed by t_he Field Team Leader and/or the Project Manager. 
The Drilling Inspector is responsible for the proper acquisition of rock cores and subsurface soil samples. 

Samnline Personnel - It is the responsibility of the 5eld sampling personnel to follow these procedures, or 
to follow documented, project-specific procedures as directed by the Field Team Leader and/or the Project 
Manager. The sampling personnel are responsible for the proper acquisition of samples. 

5.0 PROCEDDRES 

Subsurface soil and rock samples are used to characterize the threedimensional subsurface stratigraphy. 
This characterization can indicate the potential for migration of contaminants from various sites. In addition, 
definition of the actual migration of contaminants can be obtained through chemical aiialysis of subsurface 
soil samples. Where the remedial activities may include in-situ treatment, or the excavation and removal of 
the contaminated soil, the depth and areal extent of contamination must be known as accurately as possible. 

Surfacesoilsamplesservetocharacterizetheextentofsurfacecontaminationatvarioussites. Thesesamples 
may be col lected during initial site screening to determine gross contamination levels and levels of personal 
protection req u ired as part of more intensive field sampling activities, to gather more detailed site data during 
design, or to determine the need for, or success of, cleanup actions. 

Site construction activities may require that the engineering and physical properties of soil and rock he 
determined. Soil types, bearing strength, compressibility, permeability, plasticity, and moisture content are 
some of the geotechnical characteristics that may be determined by laboratory tests of soil samples. Rock 
quality, strength, stratigraphy, structure, etc. often are needed to design and construct deep foundations or 
remedial components. 

	

5.1 	Subsurface Soil Samnles 

This section discusses three methods for collecting subsurface soil samples: (1) split-spoon sampling; (2) 
shelby tube sampling; and, (3) bucket auger sampling. All three methods yield samples suitable for 
laboratory analysis. Copies ofthe ASTM procedures for split-spoon sampling and shelby-tube sampling are 
provided in Attachments A and B, respectively. 
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5.1.1 Split-Barrel (Split-Sp®on) Sampling 

The following procedures are to be used for split-spoon, geotechnical soil sampling: 

I. 	C►ean out the borehole to the desired sampling depth using equipment that wi11 ensure that 
the tnaterial to be sampled is not disturbed by the operation. 

2. Side-discharge or bottom-discharge bits are permissible. The process of jetting through the 
sampler and then sampling when the desired depth is reached shall not be permitted. Where, 
casing is used, it may not be driven below the sampling elevation. 

3. The two-inch O.D. split-barrel (not for geotech) sampler should be driven with blows from 
a 140-pound hammer falting 30 inches in accordance with ASTM D1586-84, Standard 
Penetration Test. 

4. Repeat this operation at intervals not longer than 5 feet in homogeneous strata, or as 
specified in the Sampling and Analysis Plan. 

5. Record on the Field Test Boring Record or field logbook the number of blows required to 
effect each six inches of penetration or fraction thereof. The fz~st six inches is considered 
to be a seating drive. The sum of the number of blows required for the second and third six 
inches of penetration is termed the penetmtion resistance, N. If the sampler is driven less 
than 18 inches, the penetration resistance is that for the last one foot of penetration. (If less 
than one foot is penetrated, the logs shal l state the number of blows and the fraction of one 
footi)enetrated.) In cases where-samples are driven 24 inches, the sumof second and third 
six-inch increments will be used to calculate the penetration resistance. (Refusal of the 
Standard Penetration Test will be noted as 50 blows over an interval equal to or less than 
6 inches; the interval driven will be noted with the blow counL) 

6. ' 	Bring the sampler to the surface and remove both ends and one half of the split-spoon such 
that the soil recovered rests in the remaining half of the barrel. Describe carefully the 
recovery (length), composition, strvcture, consistency, color, condition, etc. ofthe recovered 
soil according to SOP FI01; then put into jars without ramming. Jars with samples not 
taken for chemical analysis should be tightly closed, to prevent evaporation of the soil 
moisture. Aflix labels to the jar and complete Chain-0f-Custodyand other required sample 
data forms (see SOP F302). Protect samples against extreme temperature changes and 
breakage by placing them in appropriate cartons stored in a protected area. 

In addition to collecting soils for geotechnical purposes, split-spoon sampling can be employed to obtain 
samples for environmental analytical analysis. The following procedures are to be used for split-spoon, 
environmental soil sampling: 

1. Follow sample collection procedures 1 through 6 as outlined in Section 5.2.1. 

2. After sample collection, remove the soil from the split-spoon sampler. Prior to filling 
laboratory containers, the soil sample should be mixed thoroughly as possible to ensure that 
the sample is as representative as possible of the sample interval. Soil samules for volatile 
organic comoounds should not be mixed. Further, sample containers for volatile organic 
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compounds analyses should be filled completely  without  head space remaining in the 
container to minimize volatilization. 

3. Record all pertinent sampling information such as soil description, sample depth, sample 
number, sample location, and time of sample collection in the Field Test Boring Record or 
field logbook. In addition, label, tag, and number the sample bottle(s). 

4. Pack the samples for shipping (see SOP F301). Attach seal to the shipping package. Make 
sure that Chain-of-Custody Forms and Sample Request Forms are properly filled out and 
enclosed or attached (see SOP F302). 

S. 	Decontaminate the split-spoon sample as described in SOP F501 and SOP F502. Replace 
disposable latex gloves between sample stations to prevent cross-contaminating samples. 

For obtaining composite soil samples (see Section 3.0), a slightly modified approach is employed. Each 
individual discrete soil sample from the desired sample interval will be placed into a stainless-steel, 
decontaminated bowl (or other appropriate container) prior to filling the laboratory sample containers. 
Special care should be taken to cover the bowl between samples with aluminum foil to minimize 
volatilization. Immediately after obtaining soils from the desired sampling interval, the sample to be 
analyzed for volatile organic compounds (VOCs) should be collected. In the event that a composite sample 
is required, care should be taken to obtain a representative sampling of each sample interval. The remaining 
soils should be thoroughly mixed. Adequate mixing can be achieved by stiiring in a circular fashion and 
occasionally turning the soils over. Once the remaining soils have been thoroughly combined, samples for 
analyses other than VOCs should be placed into the appropriate sampling containers. 

5.1.2 Thin-Wall (Shelby Tube) Sampling 

When it is desired to take undisturbed samples of soil for physical laboratory testing, thin-walled seamless 
tube samplers (Shelby tubes) will be used. The following method applies: 

Clean out the hole to the sampling depth, being careful to minimize the chance for 
disturbance or contamination of the material to be sampled. 

2. 	The use of bottom discharge bits or jetting through an open-tube sampler to clean out the 
hole shall not be allowed. Only side discharge bits are pennitted. 

Prior to inserting the tube sampler in the hole, check to ensure that the sampler head 
contains a check valve. The check valve is necessary to keep water in the rods from pushing 
the sample out of the tube sampler during sample withdrawal and to maintain a suction 
within the tube to help retain the sample. 

W ith the sampling tube resting on the bottom of the hole and the water level in the boring 
at the natural groundwater level or above, push the tube into the soil by a continuous and 
rapid motion, without impacting ortwisting. In no case shall the tube be pushed further than 
the length provided for the soil sample. Allow a free space in the tube for cuttings and 
sludge. 
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5. After pushing the tube, the sample should sit 5 to 15 minutes priorto removal. Immediately 
before removal, the sample tnust be sheared by rotating the rods with a pipe wrench a 
minimum of two revolutions. 

6. Upon removal of the sampler tube from the hole, measure the length of sample in the tube 
and also the length penetrated. Remove disturbed material in the upper end of the tube and 
measure the length of sample again. After removing at least an inch of soil, from the lower 
end and after inserting an impervious disk, seal both ends ofthe tube with at least a 1/2-inch 
thickness of wax applied in a way that will prevent the wax from entering the sample. 
Newspaper or other types of fil ler must be placed in voids at either end of the sampler prior 
to sealing with wax. Place plastic caps on the ends of the sampler, tape them into place and 
then dip the ends in wax to seal them. 

Afffix labels to the tubes and record sample number, depth, penetration, and recovery length 
on the label. Mark the same information and `up" direction on the tube with indelible ink, 
andindicatethetopofthesample. Completechain-of-custodyandotherrequiredforttts(see 
SOP F302). Do not allow tubes to freeze, and store the samples vertically (with the same 
orientation they had in the ground, i.e., top of sample is up) in a cool place out of the sun at 
all times. Ship samples protected with suitable resilient packing material to reduce shock, 
vibration, and disturbance. 

From soil removed from the ends of the tube, make a careful description using the methods 
presented in SOP F101. 

9. 	When thin-wall tube samplers are Fsed to collect soil for certain chentical analyses, it may 
be necessary to avoid using wax, newspaper, or other fillers: 

Thin-walled undisturbed tube samplers are restricted in their usage by the consistency of the soil to be 
sampled. Often very loose and/or wet samples cannot be retrieved by the samplers, and soils with a 
consistency in excess of very stiff cannot be penetrated by the sampler. Other appropriate devices can be 
used in conjunction with the tube samplers to obtain undisturbed samples of stiff soils. Using these devices 
normally increases sampling costs and, therefore, their use should be weighed againstthe increased cost and 
the need for an undisturbed sample. In any case, if a sample cannot be obtained with a tube sampler, an 
attempt should be made with a split-spoon sampler at the same depth so that at least one sample can be 
obtained for classification purposes. 

5.13 Bucket (Hand) Auger Sampling 

Hand augering is the most common manual method used to collect subsurface samples. Typically, 4-inch 
auger buckets with cutting heads are pushed and twisted into the ground and removed as the buckets are 
filled. The auger holes are advanced one bucket at a time. The practical depth of investigation using a hand 
auger is related to the material being sampled. In sands, augering is usually easily accomplished, but the 
depth of investigation is controlled by the depth at which sands begin to cave. At this point, auger holes 
usually begin to collapse and cannot practically be advanced to lower depths, and further samples, if 
required, must be collected using some type of pushed or driven device. Hand augering may also become 
difficult in tight clays or cemented sands. At depths approaching 20 feet, torquing ofhand auger extensions 
becomes so severe that in resistant materials powered methods must be used. 
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When a vertical sampling interval has been established, one auger bucket is used to advance the auger hole 
to the first desired sampling depth. Ifthe sample at this location is to be a vertical composite of all intervals, 
the same bucket may be used to advance the hole, as well collect subsequent samples in the same hole. 
However, if discrete grab samples are to be collected to characterize each depth, a decontaminated bucket 
must be placed on the end of the auger extension immediately prior to collecting the next sample. The top 
several inches of soil should be removed from the bucket to minimize the chances of cross- contamination 
of the sample from fall-in of material from the upper portions of the hole. The bucket auger should be 
decontaminated between samples as outlined in SOP F502. 

In addition to hand augering, powered augers can be used to advance a boring for subsurface soil collection. 
However, this type of equipment is technically a sampling aid and not a sampling device, and 20 to 25 feet 
is the typical lower depth range for this equipment. It is used to advance a hole to the required sample depth, 
at which point a hand auger is usually used to collect the sample. 

5.2 	Surface Soil Samples 

Surface soils are generally classified as soils between the ground surface and 6 to 12 inches below ground 
surface. For loosely packed surface soils, stainless steel (organic analyses) or plastic (inorganic analyses) 
scoops or trowels, can be used to collect representative samples. For densely packed soils or deeper soil 
samples, a hand or power soil auger may be used. 

The following methods are to be used: 

1. Use a soil auger for deep samples (greater than 12 inches) or a scoop or trowel for surface 
samples. Remove debris, rocks, twigs, and vegetation before collecting the sample. 

2. Immediately transfer the sample to the appropriate sample container. Attach a label and 
identi5cation tag. Record all required information in the field logbook (SOP F303) and on 
the sample log sheet, chain-of-custody record (SOP F302), and other required fonns. 

3. Classify and record a description ofthe sample, as discussed in SOP F101. Descriptions for 
surface soil samples should be recorded in the field logbook; descriptions for soil samples 
collected with power or hand augers sha11 be recorded on a Field Test Boring Record. 

4. Store the sampling utensil in a plastic bag until decontamination or disposal. Use a new or 
freshly-decontaminated sampling utensil for each sample taken. 

5. Pack and ship as described in SOP F301. 

6. Mark the location with a numbered stake if possible and locate sample points on a sketch 
of the site or on a sketch in the field logbook. 

7. When a representative composited sample is to be prepared (e.g., samples taken from a 
gridded area or from several different depths), it is best to composite individual samples in 
the laboratory where they can be more precisely composited on a weight or volume basis. 
If this is not possible, the individual samples (atl of equal volume, i.e_, the sample bottles 
should be full) should be placed in a stainless steel bucket (or other appropriate container), 
mixed thoroughly using a decontaminated stainless steel spatula or trowel, and a composite 
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sample collected. In some cases, as delineated in project-specific sampling and analysis 
prans, laboratory compositing of the samples may be more appropriate than field 
cotnpositing. Samples to be analyzed for parameters sensitive to volatili7ation should be 
composited and placed into the appropriate sample bottles immediately upon collection. 

53 	Rock Cores 

Once rock coring has been completed and the core recovered, the rock core must be carefully removed from 
the barrel, placed in a core tray (previously labeled `top" and "bottom" to avoid confusion), classified, and 
measured for percentage of recovery, as well as the rock quality designation (RQD) (see SOP F 101). If split- 
batrels are used, the core may be measured and classified in the split barrel after opening and then transfened 
to a core box. 

Each core shall be described and classified on a Field Test Boring Record_using a uniform system as 
presented in SOP F 101. If moisture content will be detetmined or if it is desirable to prevent drying (e.g., 
to prevent shrinkage of hydrated formations) or oxidation of the core, the core must be wrapped in plastic 
sleeves immediately after logging. Each plastic sleeve shall be labeled with indelible ink. The boring 
number, run number and the footage represented in each sleeve shall be included, as well as the top and 
bottom of the core run. 

After sampling, rock cores must be placed in the sequence of recovery in wooden or plastic core boxes 
provided by the drilling contractor. Rock cores from different borings shall not be placed in the same core 
box. The core boxes should be constructed to accommodate 10 to 20 linear feet of core and should be 
constructed with hinged tops secured with screws, and a latch (usually a hook and eye) to keep the top 
securely fastened. Wood partitions shall be placed at the end of each core run and between rows. The depth 
from the surface of the boring to the top and bottom of the drill run and the run number shall be marked on 
the wooden partitions with indelible ink. The order of placing cores shall be the same in all core boxes. The 
top of each core obtained should be clearly and permanently marked on each box. The width of each row 
must be compatible with the core diameterto prevent lateral movement ofthe core in the box. Similarly,any 
empty space in a row shall be filled with an appropriate filler material or spacers to prevent longitudinal 
movement of the core in the box. 

The inside and outside of the core-box lid shall be marked by indelible ink to show all pertinent data 
pertaining to the box's codtents. At a minimum, the following information must be included: 

• 	Project name 
• 	Date 
• 	Boring number 
• 	Footage (depths) 
• 	Run number(s) 
• 	Recovery 
• 	Rock Quality Designation (RQD) 
• 	Box number (x of x) 

It is also useful to draw a large diagram of the core in the box, on the inside of the box top. This provides 
more room for elevations, run numbers, recoveries, comments, etc., than could be entered on the upper edges 
of partitions or spaces in the core box. 
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For easy retrieval when core boxes are stacked, the sides and ends of the box should also be labeled and 
include project nattte, boring number, top and bottom depths of core and box number. 

Due to the weight of the core, a Slled core box should always be handled by two people. Core boxes stored 
on site should be protected from the weather. The core boxes should be removed from the site in a careful 
manner as soon as possible. Exposure to extreme heat or cold should be avoided whenever possible. 
An-angements should be tnade to dispose of or retum the core samples to the client for completion of the 
project. 

6.0 QUALTFY ASSURANCE RECORDS 

Where applicable, Field Test Boring Reqords and Test Boring Records will serve as the quality assurance 
records for subsurface soil samples, rock cores and near surface soil samples collected with a hand or power 
auger. Observations shall be recorded in the Field L.ogbook as described in SOP F303. Chain-0f-Custody 
records shall be completed for samples collected for laboratory analysis as described in SOP F101 and SOP 
F302. 

7.0 REFERENCES 

1. American Society for Testing and Materials, 1987. Standard Method for Penetration Test and Solit- 
Barrel Samoline of Soils. ASTM Method D1586-84, Annual Book of Standards, ASTM, 
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2. American Society for Testing and Materials, 1987. Standard Practice for Thin-Walled Tube 
Samolina of Soils. Method D1587-83, Annual Book of Standards, ASTM, Philadelphia, 
Pennsvlvania. 

3. American Society for Testing and Materials, 1987. Standard Practice for Diamond Core Drilline 
for Site Investieation. Method D2113-83 (1987), Annual Book of Standards ASTM, Philadelphia, 
Pennsylvania. 

4. U. S. EPA, 1991. Standard OoeratinQ Procedures and Ouality Assurance Manual. Environmental 
Compliance Branch, U. S. EPA, Environmental Services Division, Athens, Georgia. 
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1. Scope 

1.1 This method deuribes the proccdute, generally 
known as the Standard Penetration Tcst (SPT), for driving a 
sptit-barrel sampler to obtain a representative soil sample 
and a measure of the resistanco of the soil to penetration of 
the samptcr. - 

1.2 Thls standard may (nvolve hazardour materials, oper- 
ations, and equipment. This slandard does not purporr to 
address all ofthe safety problems associated with its use. lrfs 
tke responstbillty of whoever tues this standard to consult and 
establish appropriate safety and healtlt praaices and deter- 
mine tbe applicabllity of regulatory limitations prior to use. 
For a spc6fic precautionary statement, see 5.4.1. 

1.3 The valua stated in inch-pound units are to be 
regarded at the standard. 	 . 

2. Refelenced Docume¢ts 

2.1 ASTM Standards: 
D 2487 Tcst Method for Clas9fication of Soils for Engi- 

uccring Purposcs' 	. 	 __ 
D 2488 Practice for Desctiption and Identifieation of Soils 

(Visual-Manual Proadutc) a  
D4220 Practiccs for Pteserving and Transporting Soil 

Sampics2  

3. Desajptioos o f Terms Spedfic to Tlils Standard 

3.1 anvil-that portion of the drive-wcight asscmbly 
which the hammer suika and through which the hammer 
cnetgy passcs into the drill rod5. 

3.2 cathead-the rotating drum or windlass in the ropc- 
cathead lifl rystem around whieh the operator wmps a rope 
to lift and drop the hammcr by sucrticrivdy tightening and 
loosening the rope turns ardund the drum. 

3.3 drill rods-rods used to ttaasmit downward forcz and 
torque to the drill bit whilc drilling a borchole- 

3.4 drive-weight assembly-a device consisting of the 
hammer, hammcr fall guide, the anvil, and any hammcr 
drop system. 

3.5 hammer-that portion of the drive-wcight assembly 
consisting of thc 140 t 2 Ib (63.5 t 1 kg) impaa weight 
which is suceessively fifted and dropped to provide the. 
cnergy that accomplishes the samp8ng and pcnenation. 

' TLia mahod is uudcr thc jurtsdiction o(ASTM Commituz D-16 on Soil cnd 
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3-6 hammer drop system-that portion of the dtive- 
weight assembly by whieh the operator accomplishes the 
lihing and dropping of thc hammcr to produce the blow. 

3.7 hammer fall guide-that part of the drivo-weight 
assembly uxd to guide the fall of the hammer. 

3.8 N-value--the blowcount tcptetentation of the pene- 
tration tzsistance of the soiL Tbe N-value, reported in blows 
per foot, e4uals the sum of the number of blows requirrd to 
drive the sampla over the depth intetval of 6 to 18 in. (I50 
to 450 mm) (sce 7.3). 

3.9 AN-the number of blows obtaincd from each of the 
6-in. (150-mm) intervals of sampler penetration (see 7.3). 

3.10 nuntber of rope tums-ihe total oontact angle bo- 
tween the rope and the cathead at the bcginning of the 
opetators tope slackening to dmp the hammer, divided by 
360' (see Fig. 1). 

3.11 samplirtg rodr-rods that conned the drive-wcight 
assembly to the sampler. Drill rods are often uscd for this 
purPosc- 

3.12 SPT-abbteviation for Standard Penetration Tcst, a 
tecm by which engineers oommoniy ttfcr to this method. 

4. SigmC' tcance and Use 

4.1 ThiS method provides a soil sample for identification 
purposcs and for labotatory tests approptiate for soil ob- 
taincd hnm a sampler that may pmduce latge shear suain 
disturbance in thc sample. 

4.2 This method is used eztensivdy in a grcat variety of 
geotechniral ezploration projecic  Many local cortclatioas 
and widely published cottelations vrhich rclate SPT blow- 
count, or N-value, and the cngineeting behavior of eatth- 
works and foundatious are availablc.  

S. Apparatus 

5.1 Drilling Equipment-Any dtilling cquipment that 
provides at the time of sampling a suitably dean opcn hole 
bcfore insation of the sampler and easures that the pcnetra- 
tion tcst is performed on undisturbed soil shall be aceeptable. 
The fo8owing piars of equipment have proven to bc 
suitable for advanang a borchole in some subsurfam condi- 
tions. 

5.I.1 Drag, Chopping, and Ftshtail Bits, less tltan 6.5 in. 
(162 mm) and gtcatcr than 2.2 in. (56 mm) in diametcr may 
bc uscd in eonjuetion with open-hole rotary dn7ling or 
Wsing-advancement drilling method5. To avoid disturbance 
of the underiying soil, bottom discharge bits arC not per- 
mittcd; only side disrharge biu are pumitted. 

5.1-2 Roller-Cone Bits, Icss than 6.5 in. (162 mm) and 
grcatcr than 2.2 in. (56 mm) in diamcter may be uxd in 
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1- Scope 
1.1 This practicc covers a procedure for using a thin- 

walled mctal tube to recover rciativcly undisturbed soil 
samples suitable for laboratory tesu of structuml properties- 
Thin-walled tubes tlscd in piston, plug, or rotary-type sam- 
pters, such as the Denison or Pitchcr, must eomply with the 
ponions of this practice which describe the thin-wallcd tuba 
(5-3)- 

Noif 1 This pnetice do<s not appl y to Iin= uscd within the above 
samplcrs- 

2. Referenced Documents 

2.1 ASTM Srandards: 
D2488 Practice for Desctiption and Identifrcation ofSoils 

(Visual-Manttal Procedure)' 
D 3550 Practice for Ring-Lined Barrel Sampling of Soils z  
D 4220 Practiccs for Preserving and Transporting Soil 

Samplcsz  

3ummary of Practice 

3.1 A relativcly undisturbcd sample is obtained by = 
pressing a thin-wallcd metal tubc into the in-situ soil, 
rcmoving the soil-fillcd tubc, and scaling the ends to prcvcnt 
thc soil from bcing disturbc,d or losing moisturc. 

4. Signiffcance and Use 

4.1 This practitx, or Practicc D 3550, is use.d when it is 
ncc:essary to obtain a rclativcly undisturbed specimen suit- 
able for laboratory tatu of stn2ctuml properties or other tats 
that might be influcnccd by soil disturbance. 

S. Apparatus  
5.1 Dril/ing Equipment—Any drilling cquipment may bc 

used that provides a rcasonably dcan hole; that does not 
disturb thc soil to bc sampled; and that docs not hinder thc 
penetration of thc thin-wallcd samplcr- Open borehole 
diameter and the inside diameter of driven casing or hollow 
stem augcr shall not ezcecd 3.5 timcs thc outsidc diametcr of 
thc thin-waJtcd tubc. 

5-2 Samp(er Insertjon Bquipmenr, shall bc adcquatc to 
provide a relatively rapid continuous pcnetration forcc- For 

' This pnaiae u undc thc juri]dlnion o(ASTM Committec 0.18 on Soil end 
Rock and is thc diroaY revpons7biliry of subcommittcc D18.02 on Samplirtr and 
Rclncd Fidd Trnlnc for sofl ln.cztipTtiont. 
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hard formations it may be neeessary, although not recom- 
mended, to drive the thin-walled tube sampler.. 

5.3 7hin-Wa!led. Tu6es, should be manufactured as 
shown in Ftg. 1. They should have an outside diameter of 2 
to 5 in- and be made of inetal having adequate strength for 
use in the soil and fortuation intended- Tubes shall be dean 
and free of all surface inegularities induding projecting weld 
scams. 

5.3.1 Lengfh oj7-ubes—See Table 1 and 6.4- 
5-3.2 Tolerancer, shall be within the limits shown in Table 

2. 
5.3.3 Inside C(earance Ratio, should be I% or as speci- 

fied by the engineer or geologist for the soil and formation to 
be sampled- Genefally, the inside dcarance ratio used should 
increase with the inerea.0 in plasticity of the soil being 
sampled- Scc Fig- t for definition of inside dearance ratio. 

5-3.4 Corrasion Proteuion.—Corrosion, whether from gal- 
vanic or chemical tcaction, can damage or destroy both the 
tbin-walled tube and the samplc. Scverity of damage is a 
function of time as well as interaction betwcen the sample 
and thc mbc- Thin-walled tuba should have some form of 

=protcctive eoating Tubes which wilkcontain samples for 
morc than 72 h shall be eoated. The type of coating to bc 
uscd may vary depcnding upon the material to be sampled. 
Coatings may indude a light coat of lubricating oil, lacquer, 
cpoxy, TeBon, and others. Type of coating must be speciGed 
by the engincer or gcologist if storage will eaceed 72 h. 
Plating of the tubes or alternatc base metals may be spedhcd 
by the engineer or geologist- 

5.4 Sampler ffead- scrvc3 to couple the thin-vwalled tube 
to the insertion eq¢ipment and, together with the thin-walled 
tubc, compriscs the thin-walled tube sampler. The sampler 
hcad shall contain a suitable check valve and a venting area 
to the ouuidc equal to or grcater than the area through the 
chxk valve. Attachment of the hcad to the tube shall be 
concentric and coazial to assure uniform application of force 
to thc tubc by the sampler insertion equipment- - 

6. Procedure 

6.1 Qean out the borehole to sampling elevation using 
whatevcr mcthod is preferred that will cnsure the material to 
be sampled is not tlisturbcd- If groundwater is encountered, 
maintain thc liquid Icvel in thc borehole at or above ground 
water level during the sampling operation. 

6-2 Bottom dischargc bits are not permitted. Side dis- 
ehargc bits may bc used, with eaution. Jetting through an 
opcn-iubc samplcr to cican out thc boreholc to sampling 
elevation is not permi«cd. Removc loosc material from the 
ccntcr of 2 casing or hollou,  stem augcr as carefully as 
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Standard Prac6ce for . 
Diamond Core DriJling for Site Investigation l  
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I. Scopc 

1.1 This practix describes equipmenLand procedura for 
Siamond tore dtilling to secure eore samples of rtJck and 
:ome solls thal are loo hard to sample by soil-sampliag 
nethods. Tivs method is described in the context of ob- 
aining dau for foundation design and gco(xhaical cngt- 
itaing pttrposes rather than for mineral and mining explo- 
tsrion. 

L Referenced bocuments 

11 ASTM StandardJ: 
131586  Mcthod for Penetraeion Tett attd Split-Barrel 

Sampling of Soils2  
D 1S87 Practico for Thin-Walled Tube Sampling of Sot1s-  
D 3550 Practicc for Ring-Liac.d Barrel SampGng of Soils =  

3. Slgnifreanee and Use  
3.1 This practice is used to obtain eore spcdmens of 
 ~or qnality thu rUlect thc indim conditlons of the 

.al and structurc and which are suitabic for staadard 
p,.,acal-propertice tcsts and strudurll-integrity detccmina- 
rion. _ 

4. Appatatus 

4.1 Drilling Machine•  eapable of pmviding rotation, feed, 
and retraction by hydmulic or mochanical mcans to thc drill 
rods. 

4.2 Fluid Pump or Air Compresror, capable of delivering 
aufffficicnt volume and pressttre for the diametcr and dcpth of 
holc to be drillcd 

4.3 Core barrels, a.s rcqtfucd: 
4.3.1 Sirtgle 77Jbe 7We, WG Desfgrt, cotss3sting of a 

hollow steel tube, with a head at one end.tbreaded for drill 
rod, and a threaded connecdon for a teaming sheU and eore 
bit at the other end A core lifta,.or tetainer located within 
the core bit is normal, but may bc omitted at thc discretion 
of thc geologist or engineer. 

4.3.2 Double Tube, Slvivel-Typs, WG Derign—An as- 
sembly of two concenttic steel tuba Joined and supported at 
the upper end by meatu of a baB or roller-bearing swive( 
armnged to permit rotation of the outer tube withoot catuing 
rotntion of the inner tubc. The uppu end of the outcr tubc, 
or «movablc bead, ir lhreaded for drill rod A threaded 
connection is providcd on tbe lower end of thc outtr mbc for 

' TLis pncGa ic urNrr thciuridinion ufASnA Commiuca D-Ill on SW uW 
1.nd i$ Ihc Aircct rccpon.ibifity af Subeommivec 011-02 on Sampfin( md 
- ' Ficid Teulnr tor Sod Inraii.i,nns 
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a reaming shell and eorc biL A core liftu located within tbe 
com bit is normal but may bo omitted at the discaetion of the 
gtologst or eoginea. 

433 Double-Tube, SSvivel-?yPe. WT Desfgrt, is eueo- 
tially the same as tbe double tube, sxivel-type, WG dexlga 
ezcept that thc WT deaign has thinner mbe walls, a rcduoCd 
annular area between the tubcs, and laku a larger eore finm 
the same diameter bore holc. Thc core lilicr is located within 
the eoro bit. 
- 43.4 DoubleTube,Slvivel7ypi% W1dDesFgn, is6lmilatto 

the doublo tubc, uvivd-type, WG design, ezcept that tlg _. 
inna tube is thrcaded at iu lowa end to «ceive a core liRa 
ease that effcaivdy extends the innu mbe welt into the eott 
bit, tbus minimiring exposure of the mro to the dnlling lluid 
A eore lihcr is contained within the eore lifur ease on th: 
inner tube. 	 ' 

4JS Doubk Ykrbe Slvfvel-Type, LargnDiameter Detitq 
is similar to tLe double tube, swivel-type, WM design, wa 
the addition of a ball valvr, to eonuol fluid flow, in all thtc 
availablc tizes and the addition of a sludge barrcl, to eau9 
hcavy euttings, on tbe two latger sizes The largodiamaa 
design double tubc, swivel-typc, core barrels are available u 
three cocc per holc siza as follows 2Y4 in. (69:85 mm) by 3% 
in. (98.43 mm), 4 in. (101.6 mm) by S4J ia. (139.7 tnmj, 2ad 
6 in. (152.4 mm) by 71'i in.• (196.85 mm). Thcir use i 
gcnerelly rrserved for very detailed invarigative worb rr 
where othcr methods do not yicld adequate recovery. 

43.6 Double Tube, Slvivel-Type, Retrievable Irurer-TJrIr 
Method-in whicb thc corUladen inner-tube assaatbly i 
retrieved to the surface and an empry inner-tubc at.semM 
retumcd to the face of the boreholc through the matthint 
tarpF-bore. drill rods without .necd for withdrawal aad tc 
placement of the drill rods in the borebole. The ianer-ttttr 
assembly coasisu of an inner tube with removable core.lilla 
ctse and oore ]ifter 'at one eJtd and a rcniovable innet-tah 
hesd, rvrivel bcuing, snspension adjusiment, and latch¢I 
devioe with relea9e mcthznism on the opposite end. 7k 
inttcr-tubc latching dcviex locks into a complementary rart_ 
in the wall of thc outer tube such that the outer tube auyh: 
rotated without causmg rotition of the ioner tube and sai' 
that the latch may be aauated and the inner-tube asscmE¢j 
tnnsported by appropriate surface eontroL The outer tnb: il 

 threaded for the matching, latge-bore drill rod and intcra34! 
eon6gurcd to receive the inner-tubc tatching device at o:i.' 
ead and tbrraded for a tcaming sheU and bit, or bit oaty,r 
tht other end ~ 

4.4 Longitudinally SpliJ Inner Tubcr—As oppostd 1.  
conventional cylindtical iancr tubes, allow inspcction o(, rm 
accezs to, the core by simply removing one of the lwo hdcu 
Thcy are not standardcrcd but are available foe mortac 
barrels induding many of the retricvablc inner-tubc tytrt 1 
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Non 1- Siu aesignaGon Odter cymbots) uxd throt+ehovt thc lrs 
tC m Tabic 1, 2, and 3 arc, tbosc nandudimd by the Dlamond 
R~t t.lanufaautcra' Arsoc (~l~l•  tnch dimcnsions ia thc taht 
la~c bttn rouedcd to the neareit hundredth of an iodL 	- 

l6 Reamirtg SltelLr, shaIl be surface set with diamonds, 
mpregnated with ama!( tiizmond particla, insertod wi 
m6guen carbide strips orslugs, bard faeed with various t 
a' hard surfadng tnatetials, or furnislted blank, all as 
pproptiate to the formation being cored.  
4.7 Core L~eis-C.ore Gftas of the spCtt-ring type, eith 

;bia or hard-facod, shaII be futnlshed and maintainod, along 
Tfh core-lifter ca5cs or inner-tnbe extensioa.t or inncr-ttlbe 
>bxs, in good oondition. Basket or Hnger-type liftas, to- 
et6cr with any neeasary adapters, shall be on the job and 
rvtdabk for use with each core barrd if so dirccted by thc 
gologist or engineer. 

4.8 Casings: 
4.8.1 Drive Pfpe orDrive Caring. shall be standard weigbt 

lschedule 40), cztra-hcavy (schedule 80), double extra-heavy 
(.chedule 160) pipe or W-dcsign flush joint ca5ing as rp 

TABLE 7 ~~,`ar6 BH S1zes 

OvWde Oturotar 

h 	mn 

M1bLCZnelef 

M. 	mm 

Nwr 1.16 	. 29.5 OT7S ~ 	 187 
EWi 7.47 373 o.D6$ 2iY 
ENV. Elvh1 1.47 37.3 0.645 21.4 

' AvR 1.68 47.8 1281  a23 
Al4>r,AWM 1.88 - 	47.6 	. ~ 1.185 30A 
BNT 	- 2.a5 58S -.1.750 44S 

_ eWq aWM 2.J5 . 	593 1.655 42A 
[r.Vr 267 75J 2.~1] 58.7 

' M1O. Nv1M 2.97 75D 	~ - 2155 54.7 
2v. X 9e. 9.64 ~S 269 68.3 
Mvr 0.69 98.8. 	.' 7.167 603 
1Nf6.... 3.69 ceA ]Da0 762 
4 x5{4 ~ 	 S,14 436,0 - 	aA7 100.6 
6 x 71l 7.68 104.! 5.97 151.6 

0 6 2113 

4.5 Core Bits--Corn bits shall be surfacc set with dia- 
nond; impregnated with stnall diamond pariirles,'inscrtcd 
wth tungtsten earbide slugs, orsuips, hard-faced with various 

,

Md sud'acing matcrials or furnishcd in saw-tooth fonn. 211 
a appropriate to the formafion being cocrd and /vith 
x6cutrenec of the geologist or enginorr. $it marriz matcrial, 
ao.rn ihapc, water-way type, IotBtion and numbcr of water 
+rys, diamond size and catat /vcight, and bit faang materials 
>brU be for general purpose use un(css othctwise approvcd by 
St ltologist or engineer. Noniuud sizc of some bits is shown 
it 7able 1. 

Quired by the nature of the overbarden or tho placement 
mcthod Ikive pipe or W-design qsing shall ba of sull'icient 
diametcr to pass the latpcst mre bartel lo be usod, and it ahall 
be drivca lo bed rock or to fum seating at an elevation below 
watcr-aensiGve focmafion. A hardenod drive shoe is to bo 
used as a cutting edge and thrud protection device on the 
bottom of the drive pipe or euing. The dtive shoe iossde 
diamcter shap be large enougb to puc the tools intendcd for 
ttsc, and the shoe and p~e or asmg shall be froo from burrs 
or obstrudions. 

4.82 Casiqg-When nevssary to ease thtnu8h forma- 
t  tions a4eady penctrated by the botchole or when no dtive 

~ eating has bern sd, auziliary asing shall be provided to tt 
a inside the boiehole to allow usc of the nezt smaller eote 

batre]. Staadatd sv.es of telescoping tasing are sltown in 
Tablc 2. Casing biu bave an obstruction in thc'tr interior and 

~ wt71 not pass the ncxt smalla asing size. Use a easittg shoe if 
~ additional tclucoping ic anticipatcd. -- 

4.8.3 Casittg Llna-PLsstic pipe or sheet-metal pipo may 
be tued to line an ezisdng latge-0iamaer asing. L1net; so 

a ttscQ should not be dtivea, and care should be Utken to 
maintain true alignmcnt throughout the length of the liner. 

4.8.4 HoUow Stent .frrger-Hollow stcylt augcr may be 
used as casing for eoring. 

4.9 DrBf Rod.t:• 
4.9.1 Drill Rods oj 7'ubufar Stet1 Construdfon are nor- 

mally used to ttansmit fccd, rotation, and rUtaaGion fottzs 
from thc dtill'tng machiae to the evre barrol. 17n71-rod sizes 
that are ptescatly standatd'tzed are shown in Table 3. 

4.9.2 Large born drill tods ttsed with retrievable inner- 
tube core barrels are not standardized. Drill rods used with 
reuievable inner-tube core barreis should be those manufao- 

_=tutcd by the oombarrel manufacturer
_ 
spociGcally for the 

corc bar7ef. 

4.93 Cotnposite Dri!! Rods are speafrcally consuuctcd 
from two or more materials intended to provide speci5c 
properties such as light weight or elcetzical nottconductivity. 

4_9.4 Nonmagnetic Dri!! Rods are manufadured of 
nonferrous materials such as aluminum or brasa and are 
used primarily for hole survey work Some nonmagnetie rods 
have lefl-hand thrcads in order fo further thelr value in 
survey worL. No standard exlsu for nonmagnetic rods. 

4.10 ,tttriliary Equtprnett4 sball be fnrnishcd as required 
by the work and thall indudc roller rock bits, dtag bits, 
chopping bits, boulder buriers, rishtail bits, pipc wreaches, 
core barrd wrenehCs, lubrication cqtupment, c,ore boxes, and 
marlang devias, other reoommended eQuipment includes: 

TABIE 2 Caetng Stzss 

9zaoe 	am 
~ ti. 

Out>10e [Smnelr  

mm  

Wid1 nWne1< 

h  mm  n~~ M1  
WM fd Hcta nAba YMn 

Con&15W 

nW 1.144 363 1.18 p0.1 5 6lVr,EWQE\VM 
EW ldl 46A 130 06.1 a AWr,AWG.AWM 
Aw 725 _ 	 57.1 1.01 46.4 4 BWr.BWC, BW1,1 
BW 2-68 73.0 2]6 60.3 4 NWr.NWG.NWM 
tM' 3.50 6a.9 3.00 76.2 ~ 	 4 lpyr. „WG 
NW 4.30 I/<.3 4.00 101.6 4 4 xSYr 
PW 5.50 109J 5A0 127.0 ] 6 x 714 
SW 6.63 1682 	. . 	6Ao 	 . 1521 - 	J 6 K 7% 
lr+/ " 	7.63 iP3.6 7A0 177,6 2 _.. 
ZW 6.83 219.0 6Do 203.2 2 
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rAetE 3 o,iu nodc 

OocqroJon 
noa w Cw0&q Outr:W aieereter 

. 
iat 	' 	 mm 

tioa YWac n:unaw 
, 

iv ' 	 mm 
. 

h 

Coipry Oora. tteeebs  

mm Oait 	
- 

nw t-00 	 77.7 072 	 4a2 0.41 10.7 a 
lity t.aL 	— 	33.9 . tAa 	. 	2SL o.K 11.1 a 
AW I-72 	' 	43.0` Ly1 	34.1 043 t6b 1 	- 
(jw 2.11 	S7S 1.75 	44.4 0.75 - 	19.0 1 
Nw 2a9 	66b 225 	57.1 128 10 a 
HW 35o 	95.9 1A6 	 77.7 2.36 60.9 1 

core splitter, rod wicking, pump-0ut tools Or extruderS, and 
hand siovc or strttinor.   

5. Transportation and Storne of Care Contaiaers 

5.1 Core Borrs, shall be consttucte.d of wood or other 
dureblc material for the proteetioa and storago of eorea while 
r:aroute from the driB sitc to the laboratory or other 
proccssing point. All coro boxes sbaU be provided with 
lon&tudinal separators and recovaed corca shall be laid out 
as a book would read, from left to right and top to bottom, 
within the longitudinal separdtori Spaccr blocks or plugs 
shall be maiked snd inxttat into the oora column within the 
scparators to indic'nte the bcginning of eaeh coring rnn- The 
Seginning point of atorage in each corc box is tlu uppq 
oft-hand comcr. The upper Icft-hand comer of a hinged crore 
3ox is the left corner tvhen tho hinge is on the far side of the 
wx and the box is iight-side up. All hinged eore boxcs mttst 
x permanently markcd on the ou[side to indicate the top 
tnd the bottom. AU other core boxes must be pamanently 

rked on the outside to inditatc the top and dte bottom 
~ additionally, must be permanently mariad interaelly to 
 - the upper-left eorncr of the bottom with the letters 

s splotch of red paint not lezs than I in- s  lid or eover 
ining(s) for corc boxes must be of such qualily as to ensvre 
gainst miz up ofthe core ia tht oycnt of impea or upsetting 
-f thc core box duriag transponation. 
5-2 Transportation of cora from tbe drill site to thc 

tboretory or other processing point shall be in durabic eore 
oxcs so paddcd or suspcndcA as to bc isotatcd from shock or 
npaa transmitted to the transportcr by rough terxain or 
utless operation. 
5-3 Storage of eorec, after initial tating or inspuxion at 
c laboratory or.other processing point, tnay be in rard- 
urd or similar less costly boxcs provided all layout and 
arking requircments as spccifted in 5.1 are followed. 
dditional spacer bloeks or plugz shaU be added if neccssary 
timc of storagc to ezplain missing core. Cores shaU bc 

zred for a period of time spccificd by the engincer but 
ould not normally be discarded prior to complction of tht 
ojcct for which they wero takcn. _ 

Proccdure 

5.1 Use core-drilling procedures whcn formations are 
:ountered that are too hard to bc s'ampled by soil-sampling 
lhods. A 1-in- (25-4-mm) or Iecs penctration for50 blows 
accordancc with Method D 1396 or other mtcri.a estab- 
ird by thc geologist or enginecr, shall indimtc that 
' "mpling rpcthods nre not applicablc. 

.1 Scat thc casing on bedrock or in a tirm formation to 
vcnt raveling of the borehota and to prcvcnt loss of 

drilliag fluid. Lcvcl thc surfaa of the rock or hard formation 
at the bpttom of the eacing when necctsary, using the 
appropriate bits. Cating may be omitted if the borehole win 
staod open vnthout the casing.  

6.1.2 Begin the coru driIling ttsing an N-size dottble•tube 
svivel-type eore barrel or o[her siue or type appmved by the 
engineer. Continue core drilliag untH eore blockagp oxurs or 
unGl the-net kngth of the eorc bartel has bcen dtiUed ia 
Remove thc core barrd from the hole and dtsasscmble lt as 
neoessary m removo the corc. Roasscmble the core barrd tutd 
rewrn it to the hole. Rcsume eoring- • 

6.13 Place the r000vercd eore in the core box with the 
upper (surface) end of thc eore at the upper-left comcr af the 
corc box as desc7ibed in 5-1- Continue boxing core with 
appropriate mar{Says, spacers, and bloeks as described ia 
5.1. Wrdp soft or friablo eores or those which ehattge 
materially upon drying in ptastic fdm or seal ia vrax, or both, 
when such trtatment is requ -tred by the eogiacer. Use apace[ 
blocl-s or slugs property marked to indieate any nofittaUlc 
gap in recovercd core which might indicate a chattge or void 
ia the fottnation- Ft frattutq bedded, or jointed pieces of 
core toguher as they naturally ocattred. 

6.1.4 Stop the core drilling when soft ntattrials are eo- 
counterrG that produce las than 50 % reeovery_. If rueessaty, 
scEUre sampics of soft materialsia accotdaacc with thc 
proccdures drsaibed in Metho3 D 1586, Ptactitt D 1587, or 
Practice. D 3550, or by any other method accepmble to tbe 
geologut or engineer. Resume diamond eore driUing when 
rcfusal matcrials as described in 6-1 are again eneountued. 

6.2 Subsutiace struaure, induding the dip of suata, Ux 
occurtenoo of seams, fiuures, cavitia, and brokea ar'oas an: 
among the most important itecns to be dctected and do-
scribcd. Take speeial eare to obtaia and reoord infotmatioa 
about tbac fwtures. If conditions prevent the eontlnttal 
advance of the core drilling, the hole should be tzmeated 
and redrillcd. or reatned and ased, or eased and advaneed 
with the next smallcr-size core barrrl, as required by the 
gcologirt or cnginetr. 

6.3 Drilliag mud or grouting tcchniques must bc app 
proved by the geologist or eagioeer prior to thcir use in thc 
borchole- 

6.4 Compatibitiry ojEquipmear: 
6.4.t Wheatvu pozsibte, core barrds and dritl rods 

should be selmed from the samc lertcr-size designation to 
ensure maximum etl7cicncy. See Tables I. aad 3- . 

6.4-2 Nevcr ux a combination of pump, drill rod, and 
core barttl that yields a drar-water up-hote vdocity of Icss 
ttun 120 ft/min- 

6.4-3 Never use a combination of air eompressor, diiU 
rod, and eore barrcl that yields a cicar-air up-hole velocity of 

- Iczs than 3000 fi/min. . 

258 



a D 2913 

L 8oring Log 	 . 

. 7.I 7bc boring log shatl indude the following; 
' 7.1.1 Projeet identification, bot'ing numbcr, locaQon, date 
.6eting began, date boting eompteted, and dtilltr's name. 

7.L2 Blcvation of thc ground surfaa. 
, 7.1.3 Elovationofordepthtogrouadwaterandraisingor 
kwving of icvei induding tbe dates and tlte timet measvred. 

7.1.4 plevations or dcpths at whieh dtitling.6aid rettua 
'm IosL 

7.iS Siu, typc, and dasign of core barrel uscd. Siu, type, 
tnd Eei of eore bit and reaming shdl ttsed. Size, typc, and 
-kngth of all asing used. Dcscription of ariy movemeats of 
6e casing. . 
7.1.6 Lcngth bf each corc run and tbe length or per- 

antag6 or botb, of the eorn recvvetrd 
1,1.7 Geologisi's or engineer's dexaiption of the forma- 

oaa rccovetcd ia eaeh run. 
7.1.8 "Drillcds' desciiption, if ao eitginea or geologist is 

{Qacnt, of thc formation reoovercd in eacb mn. 
7.1.9 Subsurface atructuro daaiption, induding dip of 

inata and jointing, eavities, fuwra and aay other observa- 
'6a¢s made by the geotogirt or engineer that could yidd 
;mtormatioa n:gatt3ing tfle fonnation. 

7.1.10 Dcpth, thickness, and appucnt natures2f  the filGng 
of each eavity ot soft scam enoouotcecd, induding opinioos 
gained from the red a appearance of the inside of tbe inner 
tube when core is lost.. Rtcord opinioos as suoh. 

7.1.11 Any eltange in the dTaracter of the drilling Quid or 
drilling tluid teWcn.  

7.1.12 Tidal and atrrent inforoution wbca t6e botcholc 
is tuffidently dox to a body of water to bc affeeted. 

7.1.t3 Drilling tima in minuta per foot and bit ptessurc 
in pound-fotuo per sqaare inch gage when app(iabte. 

7.1.14 Notationsofcdtaraderotdn'tling,thatFs,soft,slow, 
easy. amooth, ete- 

8. Prealafou and Hias  
8.1 T6is practicc docs not produce numetial data; thece- 

fore, a predslon and bias stateraeat is not appftabla 

NoTe 2--tntfus+on of tLe fotiowing tabtet and ttse of ktta symbots 
ta t6e fotcZoiay uzt is net inteadcd te timit the pnaice t,o nso ef 
DCDMA bak The taNe aed text +cfcmnocs aez iudadod u a 
mnrcaimoe to oa mer+ino: the vut ma3aitY of tools ta me do mect 
DCDldA daseasioaai  a..,n+..e:  Similar 2q0pusnt of apptosimatdT 
equd aiu ou tha tad.rie stiudscd tynem is t.axatahle unkss otSawise 
stSpulsttd by ihe enginettr or joologiu. 	 ' 

~ 

fis Amencm Sotlaty brTnfHry andAlaaWs takat nopxtronMpeclNVtIN vrGdir nf tV pd.NNpks ava,7adkt camAylm 
wCh sny.tam marAxted h CaY awMnd Wars altith deMeN as Wress'yr1.t+edmd dawnhtatlon d the raOCry ct nryruh 
ptlantrlpM1,aMnfatkk otk"vempKe(strArA}t4snanonytM4owne9qeatabPky. , 

mraauardh~uynarere.,t:tortuarythwaymm..yxwmr.laao.t.lm,.iiCraNamueber«ieMVeewryG.rcmine : 
/mtraKc¢d svlarn.OP'o~edar.ntAdrwtn Yawosmn«(a wMWd ekfxrlormfaia+d(hNtluduaa/a a4Qah+e(~lrMertN 
cd Nw.H be s6Gazs+d to.lSTAf ifadq=leti Yalr cawnaMa vtl>waJn cwhr wrofCaakn at s nwa4y nf the rsxpaWbb 
lKJvY[a! canmttee, whkh yau mry' a1~n2 tl rwled thR }W~ tarvmr~+ Mvr nOf KK'eNad f lei' MHf.q yov rhat2.1 m~to y~/ 
vbws kruwn to Uw ASTa CumiCfae w Stane.rdc TG f8 Rrw S. PMda(p'd4 PA 14101 
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1.0 PURPOSE 

The purpose of th is procedure isto provide general guidance and reference tnaterial regard ingthe installation 
of monitoring wells at various sites. 

2.0 SCOPE 

This SOP describes the methods of installing a groundwater monitoring well, and creating a Monitoring Well 
Installation Record. This SOP does not discuss drilling, soil sampling, borehole logging orrelated activities. 
These other activities are discussed in SOPs F102 and F101 entitled Soil and Rock Sample Ac.quisition, and 
Borehole and Sample Logging, respectively. 

3.0 DEFINITIONS 

Monitorine Well - A monitoring well is a well which is properly screened, cased, and sealed to intercept a 
discrete zone of the subsurface, and is capable of providing a groundwater level and sample representative 
of the zone being monitored. 

Piezometer - A piezometer is a pipe or tube inserted into an aquifer or other water-bearing zone, open to 
water flow at the bottom, open to the atmosphere at the top, and used to measure water level elevations. 
Piezometers are not used for the col lection of groundwater qual ity samples or aquifer characteristic data other 
than water level elevations. 

Drive Point - A monitoring well which includes a screen casing and hardened point fabricated from stainless 
steel that is driven into the soil to complete the well. The drive point can also be installed by hand augering 
to try to formulate a sand pack around the screen. 

4.0 	RESPONSIBILITIES 

Proiect Manaeer - It is the responsibility of the Project Manager to ensure that 6eld personnel installing 
monitoring wells are familiar with these procedures. The Project Manager also is responsible for ensuring 
that all appropriate documents (e.g., test boring logs, monitoring well construction logs, etc.) have been 
correctly and completely filled out by the drilling inspector. 

Field Team Leader - The Field Team Leader is responsible forthe overall supervision ofall drilling, boring 
and well instal lation activities, and for ensuring that the well is completely and correctly instal led and logged. 
The Field Team Leader also is responsible for ensuring that all drilling inspectors have been briefed on these 
procedures. The Field Team Leader is responsible to provide copies of the well construction logs and field 
log books to the Project File via the Project Manager on a weekly basis, unless otherwise speci5ed by the 
Project Manager. 

Drilline Inspector (Site Geoloaist) - The Drilling Inspector or Site Geologist is responsible for the direct 
supervision of drilling and well installation activities. It is the Drilling Inspector's responsibility to record 
details ofthe well installation, document subsurface conditions, complete the appropriate forms, supervise 
the drilling crew (or drilling supervisor), and record quantities of the drillers billable labor and materials. 
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5.0 PROCEDUREs 

The objectives for the use of each monitoring well and of the entire array of wells must be clearly defined 
before the monitoring system is designed. Within the monitoring system, different monitoring wells may 
serve different purposes and, therefore, may require different types of construction. During a11 phases ofthe 
well design (both office and 5eld), attention must be given to clearly documenting the basis for design 
decisions, the details of well construction, and the materials tued. 

The objectives for installing monitoring wells may include: 

• 	Determining groundwater flow directions and velocities. 
• 	Sampling or monitoring for groundwater contamination. 
• 	Determining aquifer characteristics (e.g., hydraulic cwnductivity). 
• 	Facilitating site remediation via injection or recovery. 

In cases where only the groundwater flow direction or velocity needs to be detemtined, cluster piezometers 
or wells (i.e., wells completed to different depths in different boreholes at one data collection station) may 
be used. For groundwater quality monitoring or aquifer characteristic determination, monitoring wells or 
cluster wells should be used. In areas that are inaccessible to drill rigs (i.e., unstable surface soils), driven 
wells (drive points) may be used. 

Siting of monitoring wells shall be performed after a preliminary estimation ofgroundwater flow direction. 
Typically, site visits, topographic mapping, regionalJlocal hydrogeologic information, previously installed 
piezometers or monitoring wells, or information supplied by local drilling companies will provide 
informationforsitinpwells. Flexibilityshouldbemaintained,sothatwelllocationsmaybemodi5edduring 
the field investigation to account for site conditions (e.g., underground utilities). The elevation and 
horizontal location of all monitoring wells shall be determined through a site survey upon completion ofwell 
installation. 

5.1 	We1lInstallation 

The methods discussed in this section are applicable to shallow, small diameter monitoring wells. 
Project-specific modifications to these methods shall be documented in the Sampling and Analysis Plan. 
These modifications may include larger diameter shallow wells, extraction wells, deep monitoring wells 
requiring surface casing and other specially constructed well types. Guidelines for monitoring well 
construction are given in Attachment A. Typical shallow monitoring well construction details are shown in 
Figures A- I and A-2 in Attachment A for wells with flush-mounted and stick-up wells, respectively. 

Note that these procedures discuss well installation using a PVC screen and riser pipe. Other materials such 
as stainless steel or Teflon also are available. Generally PVC is less expensive and easier to work with than 
eitherstainlesssteelorTeflon. A disadvantage to using PVC is the potential for degradation of the materials, 
or release (leaching) ofconstituents into the groundwater. Because ofthese concerns, justification for using 
PVC must be developed on a project-specifie basis. The checklist shown in Attachment B provides a fomiat 
for d evel oping th is j ustificat ion. 

Upon completion of each boring (refer to SOP F101 and 1`102 for Borehole and Sample Logging, and Soil 
and Rock Sample Acquisition, respectively), monitoring wells wil l usually be constructed using either 2- inch 
or 4-inch inside diameter (I.D.) screen and riser. Schedule 40 PVC, threaded, flush-joint casings with a 
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continuous #10 slot (0.010-inch), threaded, flush-joint PVC screen. A larger or smaller diameter screen 
may be used to accommodate site-specific geologic conditions. If wells are to be constructed over 100 feet 
in length, or in high traffic areas, or under other unusual conditions, Schedule 80 PVC may be used because 
of its greater strength. 

An appropriate length ofwell scneen shall be installed in each boring. The Iength of screen typically varies 
from 1 to 20 feet depending on site-specific conditions. For light nonaqueous phase liquid (LNAPL) 
applications, the screen should be installed such that at least 2 feet of screen is above the water table and the 
remainder of the screen extends below the water surface so that free product can enter the well. Should very 
shallow water table conditions be encountered, the scneened interval in both the saturated and unsaturated 
zones may be reduced to ensure an adequate well seal above the screened interval. If this situation is 
expected, it should be addressed in the project plans, as necessary. A 6-inch section of PVC casing may be 
placed at the bottom of each screen to act as a settling cup for fines which may pass through the filter pack 
and screen. 

Other applications may call for different screen placement depending on the zone to be monitored and the 
expected contaminants. For example, monitoring for dense non-aqueous phase liquids (DNAPLs) may 
require placing the screened interval in a"sump" at the base ofthe aquifer. Depending on the purpose ofthe 
monitoring well, the riser pipe may extend from the top of the screened interval to either 6 inches below the 
ground surface (for flush-mounted wells) to between approximatelyone and 2 feetabove the ground surface 
for wells completed with stick-up_ 

The annular space around the screen is to be successively backfilled with a well graded quartz-sand, sodium 
bentonite and cement/bentonite grout as the hollow-stem aagers are being withdrawn from the borehole. 
The sand size used in well construction will he aPpropriate for the formation monitorsd by the well. Sand 
shall carefully be placed from the bottom of the boring to a minimum of 2 feet (or 20 percent of the total 
screen length) above the top ofthe screened interval. A lesser distance above the top ofthe screened interval 
may be packed with sand if the well is very shallow to allow for placement of sealing materials. 

A sodium bentonite seal at least two-foot thick shall be place above the sand pack. For deep wells, a 
bentonite sluny may be more appropriate than pellets due to problems with bridging in the annular space. 

The annular space above the bentonite seal will be backfilled with a cement-bentonite grout consisting of 
3 to 4 percent bentonite powder (by dry weight) or equivalent grout. The grout mixture shall be specified 
in the project plans. The grout will he tremied into the annular space greater than 20 feet high. Ifthe annular 
space is less than 20 feet high, the grout may be poured directly into the annular space. 

The depth intervals of all backfill materials shall be measured with a weighted measuring tape to the nearest 
0.1 foot and recorded on the Field Well Construction Record (Attachment C) or in a field logbook. 

5.2 	Drive Points  

Drive points may be constructed in one of two ways. Ifthe drive point is hammered into place, no other well 
construction will take place. (Note that the well assembly is fabricated from 2-inch diameter stainless steel 
and includes a screen casing, and hardened point). The drive points will be sampled according to SOP F104, 
"Groundwater Sample Acquisition." 
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5.3 	Surface Comnletion 

There are several methods for surface completion of monitoring wells. Two such methods are discussed 
below. 

The Srst method considers wells completed with stick-up. The aboveground section of the PVC riser pipe 
will he protected by installation of a 4- or 6-inch diameter, 5-foot long steel casing into the cement grout 
with locking cap and lock. The bottom of the surface casing will be placed at a minimum of 2-1/2, but not 
more than 3-1/2 feet below the ground surface. For very shallow wells, a steel casing of less than five-feet 
in length may be used, as space permits. The protective steel casing shall not fully penetrate the bentonite 
seal. A concrete apron shall be constructed around the steel casing. 

The second method considers flush-mounted wells, typically installed where a s6ck-up installation would 
present a traffic ha7ard. The monitoring well shall be completed at the surface using a"flush" mount type 
cover. If the well is installed through a paved or concrete surface, the annular space shall be grouted to a 
depth of at least 2.5-feet and the well shall be finished with a concrete collar. If the well has not been 
installed through a paved or concrete surface, the well shall be completed by construction of a concrete 
apron. The concrete shall be crowned to meet the finished grade of the surrounding pavement, as requin:.d. 
If appropriate, the vault around the buried wellhead will have a water drrain to the surrounding soil and a 
watertight cover. 

Project specific tasks may require that all monitoring wells shall be labeled by metal stamping on the exterior 
of the protective steel casing or locking cap. A sign reading "Not For Potable Use or Disposal" also shall 
be firmly attached to each well. Altemately, well identification information may be stamped on a metal plate 
and attached to the well protective steel casing or embedded in the concrete apron, if appropriate. 

	

5.4 	Well Develonment 

There are two stages ofwell development, initial and sampling. Sampling development is described in SOP 
F 104, Groundwater Samp le Acquisition. lnitial development takes place after the completion materials have 
stabilized, as the last part ofwell construction. 

The purposes ofthe initial development are to stabilize and increase the penneability ofthe filterpack around 
the well screen, to restore the permeability of the formation which may have been reduced by the drilling 
operations, and to remove fine-grained materials that may have entered the well or filter pack during 
installation. The selection of the well development method typically is based on drilling methods, well 
construction and installation details, and the characteristics of the formation. Any equipment that is 
introduced into the well during development shall be decontaminated in accordance with the SOP F501, 
entitled "Decontamination of Drilling Rigs and Monitoring Wel) Materials." A detailed discussion ofwell 
development is provided in Driscoll, 1986. 

Well development shall not be initiated until a minimum of 24 hours has elapsed subsequent to well 
completion. Thistimeperiodwillallowthecementgrouttoset. Wells typically are developed using bailers, 
low-yield pumping, or surging with a surge block or air. The appropriate method shall be specified in the 
project plans. 
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In general, all wel(s shall be developed until well water runs relatively clear of fine-gained materials. 
Typical limits placed on well development may include any one ofthe following: 

® 	Clarity of water based on visual detennination. 

• 	A minimum pumping time period (typically one hour for shallow wells 10 to 30 feet deep). 

• 	A minimum borehole volume (typically three borehole volumes) or until well goes dry. 

• 	Stability of specific conductance, turbidity, and temperature measurements (typically less 
than 10 percent change between three successive measurements). 

In addition, a volume equal to any water added during drilling will be removed above and beyond the 
requirement specified above. 

Well development limits shall be specified in project-specific plans. A record of the well development 
(Figure A-3 in Attachment A) also shall be completed to document the development process. 

Usually, a minimum period of one week should elapse between the end of initial development and the first 
sampling event for a well. This equilibration period allows groundwater unaffected by the instaifation ofthe 
well to occupythe vicinity ofthe screened interval. However, this stabilization period may be adjusted based 
upon project-specific requirements. 

	

5.5 	Contaminated Materials Handlina 

SOP F504, entitled "I landling of Site InvestigationDerived Waste," discusses the procedures to be used for 
the handling of auger cuttings, decontamination water, steam pad water, and development and purge water. 
Specific handling procedures should be delineated in the Sampling and Analysis Plan. In genetal, all site 
investigation generated wastes shall be containerized unless otherwise specified by the Sampling and 
Analysis Plan. The disposition ofthese wastes shall be determined afterreceipt ofthe appropriate analytical 
results. 

	

5.6 	Well Construction Records 

Field Well Construction Records shall be completed by the Drilling Inspector for each monitoring well 
installed. These records preferably shall be completed as the well is being constructed. However, due to 
space limitations on this form it may be more practical to record well installation information in the field 
logbook and later transfer it to the Field Well Construction Record. If well wnstntction information is 
recorded in the field logbook, if must be transferred to the appropriate form within 5 days, and prior to 
demobilization from the field. 

Field Well Construction Records (in Attachment C), shall include not only well construction information, 
but also information pertaining to the amount of materials used for construction. Some of the following 
items shall be recorded on the Field Well Construction Record, or in the field logbook, as appropriate: 

Project name and location. 

Project number. 
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• 	Date and weather. 

• 	Well identification designation. 

• 	Drilling company and driller. 

• 	Top of ca.sing elevation (information collected after the site survey). 

• 	Pay items including amount of screen and riser pipe used, amounts of cement, bentonite and 
sand used, and other well construction items. 

• 	Well casing and borehole diameters. 

• 	Elevations of (or depth to) top of steel casing, bottom of well, top of filter pack, top of 
bentonite seal, top of screen. 

The information on the Field Well Construction Record will be used to generate a final Well Cons_hvction 
Record which combines the Field Boring and Well Construction Logs into one package. An example of all 

•three documents is presented in Attachment C. 

6.0 QUALITY ASSURANCE RECORDS 

The Field Well Construction Record is the principle quality assurance record generated from wel l installation 
activities. Additionally, a Field Well Development Record shall also be completed, as well as pertinent 
comments in the field logbook. 

7.0 REFERENCES 

Driscoll, Ftetcher, G., 1986,  Groundwaterand Wells , Johnson division. St. Paul, Minnesota. 2nd 
ed.. 

2_ 	Roscoe Moss Company, 1990,  Handbook of Ground Water Develonment . lohn Wiley & Sons. 
New York. 

3. USEPA, September, 1986,  RCRA Ground-Water Monitorine Technical Enforcement Guidance  
Document . 

4. Aller, L. et al. ; lune 1989,  Handbook of Sue¢ested Practices for the Desien and Installation of  
Ground Water Monitorine Wells . National Water Well Association. Dublin, Ohio. 



ATTACIIRIENT A 

UST MONITORING WELL CONSTRUCTION AND FIELD OPERATIONS 

SPECIFICATIONS 

Well permits required by state agencies are the responsibility of the contractor. AlI monitoring wells will 
be installed in accordance with the specifications set forth in the site-specific sampling and analysis plan. 
The wel Is wi I I be constructed ofeither a 2-inch or 4-inch inside diameter (I.D.) flush joint threaded PV C well 
screen and riser casing depending on conditions encountere,d during borehole completion. 

117;7—I "h`[!1 

During the drilling program, boreholes will be advanced using conventional hollow-stem auger drilling 
methods. If it is the opinion of the contractor that air or mud rotary drill methods are necessary, approval 
must be obtained from the Investigation Manager. Presentation of justification for a boring method change 
shall be presented prior to drilling. — 

Well construction details are shown in Figures A-1 and A-2. A drill mounted on an All-Terrain-Vehicle 
(ATV) may be required for access to remote areas. Each rig will use necessary tools, supplies and equipment 
supplied by the contractor to drill each site. Drill crews should consist ofan experienced driller and a driller 
assistant for work on each rig. A geologist, experienced in hazardous waste site investigations, shall be on 
site to monitor the drillers efforts and for air monitoring/safety control. Additional subcontractor personnel 
may be needed to transport water to the rigs, clean tools, assist in the installation ofthe security and marker 
pipes, construct the concrete aprons/collars and develop the wells. A potable water source in the plant will 
be designated by U.S. Steel.  

Standard Penetration Tests (SPTs) will be performed in accordance with ASTM D-1586. Standard 
penetration tests wi 1I be performed at the following depths: 0.0-1.5 feet; 1.5-3.0 feet; 3.0-4.5 feet; and 5-foot 
centers thereafter. In cases where soil sampling for environmental analytical analysis is required, 24-inch 
spoon barrels may be used in the SPT to obtain a suf5cient amount of sample for required analysis. A boring 
log of the soil type, stratification, consistency, and groundwater level will be prepared. 

SAMPLING 

Soil samples of the subsurface materials will be collected atthe interval specified in the Sample and Analysis 
Plan throughout the borehole in accordance with ASTM Method D-1586. Each soil sample will be screened 
in the field using an Hnu photoionizer, organic vapor detector or similar type direct readout instrument to 
identify the presence of volatile organic vapors within the soils. This field screening will provide a 
preliminary indication of the vertical and horizontal extent ofcontamination in orderto select the optimum 
locations of other monitoring wells during the drilling program. Based on the Seld screening, two-inch or 
four-inch diametermonitoringwells willbe installed atthelocationswherethemostsignificantaccumulation 
of contamination is encountered. 
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WELLINSTALLATION 

After completion ofsoil sampling and drilling to the speci5ed depth, two-inch and/or four-inch (as required 
in the Sample and Analysis Plan) inside-diameter, flush-threaded Schedule 40 PVC (Schedule 80 in trafFic 
areas) monitoring wells with slotted screens and well casings will be installed in the borehole. A 5- to 15- 
foot section of 0.01-inch slotted PVC well screen shall be used in each well. A sand pack will be placed 
around the slotted well screen extending to 2 feet above the top of the scrcen. A bentonite seal (minimum 
thickness of 1 foot) will be placed on top of the sand pack. Finally, a grout mixture of three to four percent 
bentonite powder (by dry weight) and seven gallons ofwater per 94 pound bag ofcement, thoroughly mixed, 
will be placed in the borehole to insure a proper seal. 

WELL DEVELOPMENT 

All wel(s will be developed not less than 24 hours following their installation to remove fine ground 
materials that may have entered the well during construction. Wells shall be developed until water runs 
relatively clear of fine-grained materials. Note that the water in some wel(s do not clear with continued 
development. Typical limits placed on well development may include any one of the following: 

Clarity of water based on visual determination. 
A maximum time period (typically one hour for shallow wells, well depth of 10 to 30 feet). 
A maximum well volume (typically three to five well volumes). 
Stability of specific conductance and temperature measurements (typically less than 10 
percent change between three successive measurements). 
Clarity based on turbidity measurements (typically less than 50 NTU). 

In addition, a volume equal to any water added during drilling will be removed above and beyond the 
requirement specifiW above.  

Figure A-3 presents the Field Well Development Log used to document development data. Ttiis will be 
accomplished by either bailing or continuous, low-yield pumping. Equipment used for well installation that 
may have come in contact with potentially contaminated material will be decontaminated with a high 
pressure steam wash followed by a potable water rinse. SOPF504, entitled "Handling of Site Investigation 
Derived Waste", discusses the procedures to be used for the handling of auger cuttings, decontamination 
water, steam pad water, and development and purge water. Specific handling procedures should be 
delineated in the Sampling and Analysis Plan. 

Supplies and equipment will be transported to the lay-down area designated by U.S. Steel. Any office spaoe, 
trailers, etc., required for drilling, subsequent sampling and shipping shall be arranged and provided by the 
contractor. 

WELLHEAD COMPLETION 

A four-inch diameter security pipe with a hinged locking cap will be installed over the well casing top and 
will be embedded approximately 2.5 feet into the grout. 

There are two acceptable methods of completing the wellheads. 

In traffic areas (and non-traffic are.as  where required), a"flush" mount type cover shall be built into a 
concrete pad as shown in Figure A-1. Ifthe well is installed through a paved or concrete surface, the annular 
space between the casing and the borehole shall be grouted to a depth of at least 2.5 feet and finished with 



a concrete collar. Ifthe well is not installed through a concrete or paved medium and still finished as a high' 
traffic area, a concrete apron measuring 5-foot by 5-foot by 0.5 foot will be constructed around each well. 
This apron/collar will be constructed of 3,000 psi ready-mixed concrete. The concrete will be crowned to 
provide and to meet the finished grade of suaounding pavement as required. The concrete pads can be 
constructed within five days after all of the wells have been  installed. 

In non-traffic areas the acceptable method of finishing a wellhead is shown in Figure A-2. Each well will 
be marked with three, Schedule 40 steel pipes, three-inch I.D., embedded in a minimum of 2.5-foot of 3,000 
psi concrete. (The concrete used to secure the three pipes will be poured at the same time and be an integral 
part of the 5-foot by 5-foot by 0.5-foot concrete apron described above.) The security pipes will extend a 
minimum of 2.5 feet and maximum of 4.0 feet above the ground surface. The steel marker pipes will be 
filled with concrete and painted day-glo yellow or an equivalent. Attachment C presents Sample Field Test 
Boring Records and Field Well Construction Record Forms. 

In al l ftnished methods, the we11 covers will be properly labeled on the exterior of the security pipe locking 
cap and by labeling vertically on the exterior of the security pipe or manhole cover, as appropriate. The 
labeling shall consist of the identification specific to each well as described in the Sampling and Analysis 
Plan. 

A sign reading "NOT FOR POTABLE USE OR DISPOSAL" shall be firmly attached to each well. 

* 	The contractor or project team may supplement these requirements, but may not modify or delete 
them, in total or in part, without prior approval of the USEPA. 

If any part of the above specifications is in conflict with the regulations set forth by the State, the State 
regulationstake precedent. 

~ 	< 
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ALTERNATE WELL CASING MATERIAL JIISTIFICATYON 



ATTACIIl4IENT g 

ALTERNATE WELL CASING MATERyAL JUSTIFICATION 

The following is EPA's minimum seven point information requirements to justify the use of PVC as an 
altemate casing material for goundwater monitoring wells. If requested by EPA (USEPA Region IV), 
justification of the use of PVC should be developed by addressing each of the following items. 

1. The Data Quality Objectives (DQOs) for the samples to be collected from wells with P VC 
casing as per EPA/540/G-87/003, "Data Quality Objectives for Remedial Response 
Activities." 

2. The anticipated compounds and their concentration ranges. 

3. The anticipated residence time of the sample in the well and the aquifer's productivity. 

4. The reasons for not using other casing tnaterials. 

S. 	Literature on the adsorption characteristics of the compounds and elements of interest for 
the type of PVC to be used. 

6. Whether the wall thickness of the PVC casing would require a larger annular space when 
compared to other well construction materials. 

7. The type of PVC to be used and, if available, the manufacturers specifications, and an 
assurance that the PVC to be used does not leach, mask, react or otherwise interfere with the 
contaminants being monitored within the limits of the DQOs. 
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FWLD TEST BORING RECORD AND 
FIBLD WELL CONSTRUCTION RECORD FORMS 
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TEST BORING • ••D 
PROJECT: Buildine P-6 
S.O- NO.:  19010-51-SRI 
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4 o SAND, fine- grained, trace silt, trace grass roots; tan, 
1  a o 65% 4 brown; loose; mo ist  to damp 	 4 . 0• 

t I SAND, fine to medium-grained, trace silt; tan, brown,  
2_0 11 orange; medium dense; moist to wet; water table at 6.0' 

5-3 2.0 10 0 
6.0 100% 6 

~ 

3  7.0' 
1.8 4 

S-4 2.-0 3 0 SAN D, medium to coarse-grained, trace silt; tan, gray, 
8 0 90Y, 4 orangc; IooSe; wet 

9.0-  

S-5 2 o I SAND, medium-grained, trace silt; grac, orange; very 
o.0 100 : 1 loose: wet 

ivfatch to Shcet 2 
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aker .  
Baker Enviranmenta6,lu 

:o  M 	~ 

PROlECi:  BuildingP-64  
5.0. NO.: 19010-51-SRN 	 BORING NO.: 

SAMPLE TYPE OEFINITIONS 

S 	- SplitSpoo4 	A- Auger  SPT. StandardPenetrationTert(ASTMO-1586)(Blowsq.$ -) 
T- SheibyTube 	W- Wzch RQO e RockQualityDesignation(%) 

R 	®AirRotary 	C 	eCore Libtlats.=USCS(ASTMO-2487)orn.ASHTO(ASTMO-3282) 

O- Denison 	 P 	aPirton LabMoirt..MoittureContent(ASTMD-2216)DryWelght8asis 

N = No Sample 

SamP Lab. 
Sample Rec. SPT Claas. PID 

Depth TYpe (FL or or (PPm) VISuOI ®escrll]tiOfl Elevation 
(FU and S R.QD Pen. 

No- S;) Rate - 

SAND, medium-grained, trace silt; gray; very loose; wet 
t 

) ) 2_0 1 
S-6 2.0 0 0 

12. 10 0K 1 _ 
12 

0 SAND, medium-grained, trace silt; gray, veLy loose; wet 
13 z_0 0 

$-7 2A 1 0 
MC 100% 1 14.0' 

14 
End of Boring at 14.0' 

15 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

9 
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PROJECT:  
Cf0 NO.: 
	 BORING NO.•  

COORDINATES: EAST: 
	 NORTH: 

ELEVATION: SURFACE: 
	 TOP OF STEEL CASING:  \~ .GG,_~_ 

RIG: 

DATE 
PROGRESS 

(FT) WEATHER 

WATER 
DEPTH 

(FT) TIME 
SPLIT 

SPOON CASING AUGERS 
CORE 

BARREL 

SIZE(DIAM.)  4yIO  

LENGTH ' 
b \ iz\ 

TYPE  WSN 
HAMMERWT. y  

FALL " 

STICK UP 

3EMARKS:  (~\\~h\.\c rf'1. ~ic~c:\1t~ 'Ctti \C\~~.~c\~ ...tr~Sf1S\~•c\tcy.\C ~̀ -Frn~ S~~~tS,~y.1 ~m4\eS ~ 	.  

DRILL RECORD VISUAL DESCRIPTION 

S Sampl SPT lab. Lab. Classi(ication Consitt. Mo[rture Content- 
O  

10 
elows 

Clasz M.C. 
. 

(GrainSlze,Principal Color or 
OrqanicContent. Q 

E 
~ 

L 
---- 

amp. Per 

~ 'S S6 
, 

Conzntuents,Etc.) Denzity Plarticity,and , L 
c  Rea OtherObservations L E 

P  TYpe -  

N R No. (& RQD Pc~ Clazsifica[ion Weathering,Bedding•  0 

A  

T 
O 
C 

(N ° 
No y° )  

(fL 
g ~ J  Ra[e 0  Hame, Grain 5¢e, Princu 	1 ( 	 ~ Color Hardnesz 

Fraduring,andOCher C  1 

a Samp. QPR` Consd(uents,E[c) Obzerva[ionz K ~ 

\6 savo, :\\+~\«:a\, ~ - v,~•~M Qry 

I 	3  
c)  

y  \_B 1 )t~w\O s:ve_ io cc.ed:vm- m- - vccy — C~•  
S 

( ~O~o t Auo, c..k\otc\e>j~~m_ O~cv`\- \ccr c ~ 't><4co\evcr~ odo[ 

a 
7 

~ 	8 C~AS .̀~-°,ca •sed ~\tOC~ w..zv NO\eC~- ~v  SeO~\1 S4V~~`C 

~ 

y~1 t 
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DRILL RECORD VISUAL DESCRIPTION 

S SPT 1e6. Lab. Classllfcarion Eom,s[ MorstureConrent. 
S 

p Sampl 
Samp- 

Blows 
Class M.C. (GrainSize.Principal Color or 

OrganicContent, 

p  

E . 
1 
L  

10 
_ Rec. 

Per  
~ S. X Constituenu.E[U Densi[y P(as[ici[y,and E  

E O[herObcervations L 
P 
T 

T 	
e- 

(ft  V 
A 

H a  No. 8` RQO Pen- flassifiu(ion Weatherrng.6edding, R T  

C ( NO 	~ %) 3F%1 ~ re ~V (Nam4GninSia4Principaf Cofor Hardnest 
fracturing,andOrher O  C I O  

x l~~`~ Consvruenrs,EtG) Obseroations K N  Sam 
 P.) 

s O VCCN C!x 	 OC 

~ 
S-G \ ~ 

2 
~~c~~~1 ~\F~V 54 Q\C. \C7JS2 

3 —  

4  

6—  
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Rubber 
Packer 
(#4) 

Sand 
(#5) 

Gravel 

(#6) 

Cement 

(#1)  

CemenV 
Bentonite 

(#0) 

tentonite 

(#2)  

Drill 
'Ittings 

.#3) 

Solid 
Casing 

(#7) 

Slotted 
Screen 
(#8) 

Well Installation Detail 

u ~ 
1 0  oPoFbcv~~ 

Z  ~ 
!ix 

7' Cop oE Sa~. 

1.0•  

3 

4  

S 

6 
5 5 \'cc~yS~ted-WV\ec 

7  

8 

9 

10 

Backfill 
Key 

Well 
Key 

FIELD WELL CONSTRUCTION LOG . 
- 	 PROJECT:  _~~j\~wysP- `1 	 DATE: S\'dq\4\ 

Ci0 NO-: 	 BORING NO.:  '—tkW-\ 	 '. 

COORDINATES: EAST: 	 NORTH: 

ELEVATION: SURFACE: 	 TOP OF  5TC CASING: 	C  

Pay Item s 

~® 
: ♦ 	... ~ 	. 	• .  1 .~~_ • 	. 	.. , 	̀ 	- 

~~~,te'~ 
. s© 

.. 	_ 	. 	~.. • s -r~ 

WELL DIAM. ~,PE   TOP BOTTOM 
INFORMATION (!NCHES) DEPTH (FT.) DEPTH (FT.) 

WeII Casing O 
Well Screen l C  3 

[ ~ _.-\IGCO.:  S~LFC_ AS,~ \S,.~c5 	 BAKERREP.:  
IIIER - 	 BORING NO.: 	 SIiEET \ OP ~ 



SIG: MobileB-57  

DATE 
PROGRESS 

(FT) ~ WEATHER 

WATER 
DEPTH 

(FT) TIME 
SPLIT 

SPOON CASING AUGERS 
CORE 

BARREL 

:IZE (DIAM.) 1-3/8" ID 6-114" ID 5/29/91 14.0 sunny, 70°-80°  F --- ~ 
.ENGTH 2.0' 5.0' 5/30/91 -- sunny, 80°-90°  F 6.64 24 hrs. 

VPE STD HSA 

1AMMER WT. . 1401b. ' 

ALL 30" 

TICK UP ' 

;EMARKS: Advanced boring to 14 ft. taking continuous 2-footsplit-spoon samples; monitoringwell installed 
at 143S ft. 

SAMPLETYPE  
5 	- SplitSpoon 	A= Auger 
T 	= ShelbyTube 	W =wash 
R= tairRotary 	C=Core 
D 	= Deniton 	 P 	= Piston 

N 	NoSample 

WELL 
INFORMATION DIAM TYPE 

TOP 
OEPTH 

(FT) 

eOTTOM 
OEPTH 

(Fn 

WellCasing 2' Sch.40PVC.ttush-jointed . 	0.28 3.8 

We1lScreen 2' Sch.40PVC.0ash-jointed 3.8 13.9 

-Depth 
(FtJ 

ampl 
TyPe  

and 
No 

Samp. 

Fit ~ 
& 
y, 

- 

SPT 

or 
RQD 

Lab. 

CQ's-' 

Pen. 
Rate 

P1D 

(ppm) 
Visua) ffeSCri 	110(1 P  ~ 11  Installation 

Detail 

Elevation 

Ft- 

MSL 

~ 

- 

2.0 

_z 
2.0 

60!8 

t 6  
12 
6 
5 

0 S-1 
 

SAND, rill material, trace gravel; 
brown-gray; medium dense; dry 

SAND, fill material trace carbon 
frags; brown-gray-bfack; loose; dry 

— 	 3 0   
SAND, f3ne-grained, trace gravel, trace 
silti gray-brown; very loose; damp to a 0 
molst_  
SAND f9netomedium-grained,  
trace silt, trace clay; gra -brown; verv 
loose; damp to moist; wa ~er table at 
5.5' - 6.0' 

SAND, Hne to medium - grained, 
trace stlt; gray-white; loose; wet; z 0 . 
petroleum odor noted in spoon sample 
--__ ^ ^_. 

SAND, medium to coarse-grained, 
tracesilt; gr ay-white-brown; loose; 
wet; petroleum odor noted in spoon 
sample 

4fatch to Sltect 2 

ToPor 
bantonita at 
1 .01 

Toporaaodat 
2.0' 

; Topor 
&Cteen nt 
3-8  

Measured 
watertable 

- nt6.6a' 

10.9a' 

9.94' 	, 

7.30' 

6.9a' 

;_ 

a.o 
s-z 

1.4  
= z.o 

zosc 

a  
a 
a 
3 

o 

6.0 
s-3 

1_R 
z.o 

90 ; 

1 
1 
1 
t 

. 

0 

8.0 
S-a 

z_0 
z.0 

100 : 

I  
z 
3 
5 

1-) 

100 
5-S 

9S  

2.0 
u8 Y 

3  

1 
i 

0.5 
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GROi1NDWATER SAAffLE ACQUISTTION 

t ~$ 

The purpose of this guideline is to provide general reference information on the sampling of groundwater 
wells. The methods and equipment described are forthe collection ofwater samples from the saturated aone 
of the subsurface. 

2.0 	SCOPE ' 

This guideline provides information on proper sampling equipment and techniques for groundwater 
sampling. Review of the infonnation contained herein will facilitate planning of the field sampling effort 
by describing standard sampling techniques. The techniques described should be followed whenever 
applicable, noting that site-specific conditions or project-specific plans may require adjustments in methods. 

3.0 	DEFINITIONS 	 _ 

None. 

4.0 	RESPONSIBILITIES 

Proiect Manaeer  - The Project Manager is responsible for ensuring that project-specific plans are in 
accordance with these procedures, where applicable, or that other, approved procedures ate developed. The 
Project Manager is responsible for development of documentation of procedures which deviate from those 
presented herein.  

Field Team Leader  - The Field Team Leader is responsible for selecting and detailing the specific 
groundwater sampling techniques and equipment to be used, and documenting these in accordance with the 
Sampl i ng and Analysis Plan. It is the responsibility of the Field Team Leader to ensure that these procedures 
are implemented in the field and that personnel performing sampling activities have been briefed and trained 
to executethese procedures. 

SamalinQ Personnel  - It is the responsibility of the field sampling personnel to follow these procedures, or 
to follow documented, project-specific procedures as directed by the Field Team Leader and the Project 
Manager. The sampling personnel are responsible for the proper acquisition of groundwater samples. 

5.0 PROCEDURES 

To be useful and accurate, a groundwater sample must be representative of the particular zone being sampled. 
The physical, chemical, and bacteriological integrity of the sample must be maintained from the time of 
sampling to the time of testing in order to minimize any changes in water quality parameters. 

The groundwater sampling program should be developed with reference to ASTM D4448-85A, Standard 
Guide for Sampling Groundwater Monitoring Wells (Attachment A). This reference is not intended as a 
monitoring plan or procedure for a speci6c application, butrather is a review ofinethods. Specific methods 
shall be stated in the Sampling and Analysis Plan (SAP). 
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Methods for withdrawing samples from completed wells include the use of pumps, compressed air, bailers, 
and various types of samplers. The primary considerations in  obtaining a representative sample of the 
groundwater are to avoid collection of stagnant (standing) water in the well and to avoid physical or chemical 
alteration of the water due to sampling techniques. In a non-pumping well, there will be little or no vertical 
mixing of water in the well pipe or casing, and stratification will occur. The well water in the screened 
section will mix with the groundwater due to normal flow patterns, but the well water above the screened 
section will remain largely isolated and become stagnant. To safeguard against collecting non-representative 
stagnant water in a sample, the following approach should be followed during sample withdtawal--  

All monitoring wells shall be pumped or bailed prior to withdtawing a sample. Evacuation 
of thnVe to five volumes is recommended for a representative sample. 

2. 	Wells that can be pumped or bailed to dryness with the sampling equipment being used, 
shall be evacuated and allowed to tecover prior to sample withdrawal. If the recovery rate 
is fairly rapid and time allows, evacuation of at least three well volumes of water is 
preferred; otherwise, a sample will be taken when enough water is available to fill the 
sample containers. 

Stratification of contaminants may exist in the aquifer formation. This is from concentration gradients due 
to dispersion and diffusion processes in a homogeneous layer, and from separation of flow streams by 
physical division (for example, around clay lenses) or by contrasts in permeability (for example, between 
a layer of silty, fine sand and a layer of inedium sand). 

Purging rates and volumes for non-production wells during sampling development should be moderate; 
pumping rates for production wel ls should be maintained at the tate normal forthat welL Excessive pumping 
can dilute or increase the contaminant concentrations in the recovered sample compared to what is 
representative of the integrated water column at that point, thus result in the collection of a non- 
representative sample. Water produced during purging shall be collected, stored or treated and discharged 
as allowed. Disposition of purge water is usually site-specific and must be addressed in the Sampling and 
Analysis Plan. 

5.1 	Samnling, Monitorine, and Evacuation Eouipment 

Sample containers shall conform with EPA regulations for the appropriate contaminants and to the speci5c 
Quality Assurance Project Plan. 

The following list is an example of the type of equipment that generally must be on hand when sampling 
groundwater wells: 

Sample packaging and shipping equipment: Coolers for sample shipping and cooling, 
chemical preservatives, and appropriate packing cartons and filler, labels and chain-of- 
custody documents. 

2. 	Field tools and instrumentation: PID; thermometer; pH meter, turbidity meter; specific 
conductivity meter, appropriate keys (for locked wells) or boltcutter; tape measure; plastic 
sheeting; water-level indicator; calibmted buckets and, where applicable, flow meter. 
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Pumps 

a. Shallow-well pumps: Centrifugal, Packer Pumps, pitcher, suction, or peristaltic 
pumps with droplines, air-lift apparatus (compressor and tubing), as applicable. 

b. Deep-wellpumps: Submersiblepumpandelectricalpowergeneratingunit,bladder 
pump with compressed air source, or air-lift apparatus, as applicable. 

4. Tubing: Sample tubing such as teflon, polyethylene, polypropylene, or PVC. Tubing type 
shall be selected based on specific site requirements and must be chemically inert to the 
groundwater being sampled. 

5. Other Sampling Equipment: Bailers, teflon-coated wire, stainless steel single strand wire, 
and polypropylene monofilament line (not acceptable in EPA Region 1) with tripod pulley 
assembly (if necessary). 

6. Pails: Plastic, graduated. 

7. Decontamination equipment and materials: discussed in SOP F501 and F502. 

Ideally, sample withdrawal equipment should be completely inert, economical, easilycleaned, sterilized, and 
reusable, able to operate at remote sites in the absence of power sources, and capable of delivering variable 
rates for well purging and sample collection. 

5.2 	Calculations of Well Volume for Pureins' 

To insure that the proper volume of water has been removed from the well prior to sampling, it is first 
necessary to determine the volume of standing water in the well pipe or casing. The volume can be easily 
calculated by the following method. Calculations shall be entered in the field logbook: 

I. 	Obtain all available information on well constmction (location, casing, screens, etc.). 

2. Determine inside diameter of well or casing (D). 

3. Measure and record static water level (DW-depth to water below ground level or top of 
casing reference point) to the nearest 0.01-foot, using one of the methods described in 
Section 5.1 of SOP F202. 

4. Determine the depth of the well (TD) to the nearest 0.01-foot by sounding using a clean, 
decontaminated weighted tape measure, referenced to the top of PVC casing or ground 
surface. 

5. Calculate the volume of water in the casing: 

Vw = 4 (TD-DW) 

Vt.1 = Vw  x 7_48 gallons/R' 
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Where: 

Vw Volume of water standing in well in cubic feet (i.e., one well volume) 
rt=pi, 3.14 
D=Inside diameter of well, in feet 
TD=Total depth of we11 in feet (below ground surface or top of casing) 
DW=Depth to water in feet (below ground surface or top of casing) 

6. 	Calculate the minimum number of gallons to be evacuated before sampling. (Note: V p,, 
should be rounded to the next highest whole gallon. For example, 72 gallons should be 
rounded to 8 gallons.) 

Vr~'  = Vgal ( # Well Vol) 

Where: 

V6,I 	= Volume of water in well in gallons 
V P~~ 	 = Volume of water to be purged from well in gallons 
# Well Vol. = Number of we11 volumes of water to be purged from the well (typically 

three to five) 

Table 5-1 1 ists gallons and cubic feet of water per standing foot of water for a variety of well diameters. 

TABLE 5-1  
WELL VOLUMES 

Diameter of 
Casing or Hole 

(in.) 

Gallons per Foot 
of Depth 

Cubic Feet per 
Foot of Depth 

1 0.041 0.0055 

2 0.163 0.0218 
4 0.653 0.0873 
6 1.469 0.1963 
8 2.611 0.3491 
10 4.080 0.5454 

5.3 	Evacuation of Static Water (PurEine) 

The amount of purging a well should receive prior to sample collection will depend on the intent of the 
monitoring program and the hydrogeologic conditions. Programs to determine overall quality of water 
resources may require long pumping periods to obtain a sample that is representative of a large volume of 
that aquifer. The pumped volume may be speci5ed prior to sampling so that the sample can be a composite 
of a Icnown volume of the aquifer. 
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For defining a contaminant plume, a representative sample of only a small volume ofthe aquifer is required. 
These circumstances require that the well be pumped enough  to  remove the stagnant water but not enough 
to induce significant groundwater flow from a wide area- Generally, three to five well volumes are 
considered effective for purging a well. 

An alternative method of purging a well, and one accepted in EPA Regions I and IV, is to purge a well 
continuously (usually using a low volume, low flow pump) while monitoring specific conductance, pH, 
turbidity, and watep. temperature until the values stabilize. Values are considered to have stabilized when 
deviation is less than 10 percent of the mean. The well is considered properly purged when the values have 
stabilized. 

If a well is dewateted before the required volume is purged, the sample should be collected from the well 
once as a sufficient volume of water has entered the well. In order to avoid stagnation, the well should not 
be allowed to fully recharge before the sample is collected. The field parameters (pH, conductance, and 
temperature) should be recorded when the well was dewatered. 

The Project Manager shall define the objectives of the groundwater sampling program in the Sampling and 
Analysis Plan, and provide appropriate criteria and guidance to the sampling personnel on the proper 
methods and volumes ofwell purging. 

53.1 Evacuation Devices 

The following discussion is limited to those devices which are commonly used at hazardous waste sites. 
Note that all of these techniques involve equipment which is portable and readily available. 

Bailers  - Bailers are the simplest evacuation devices used and have many advantages. They 
general ly consist of a length of pipe with a sealed bottom (bucket-type bailer) or, as is more useful 
and favored, with a ball check-valve ~i the bottom. An inert line (e.g., Teflon-coated) is used to 
lower the bailer and retrieve the sample. 

Advantages of bailers include: 

• 	Few limitations on size and materials used for bailers. 
• 	No extemal power source needed. 
• 	Inexpensive. 

• 	Minimal outgassing of volatile organics while the sample is in the bailer. 
• 	Relatively easy to decontaminate and use. 

Limitations on the u§e of bailers include the following: 

• 	Limited volume of sample. 
• 	Time consuming to remove stagnant water using a bailer. 
• 	Collection and transfer of sample may cause aeration. 
• 	Use of bailers is physically demanding, especially in wann temperatures at 

protection levels above Level D. 
• 	Unable to collect depth-discrete sample. 
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Suction Pumps - There are many different types of inexpensive suction pumps including centrifugal, 
diaphragm, peristaltic, and pitcher pumps. Centrifugal and diaphragm pumps can be used for well 
evacuation at a fast pumping rate and for sampling at a low pumping rate. The peristaltic pump is 
a low volume pump (generally not suitable for well purging) that uses rollers to squeeze a flexible 
tubing, thereby creating suction. This tubing can be dedicated to a well to prevent cross 
contamination. The pitcher pump is a common farm hand-pump. 

Advantages of suction pumps include: 

• 	Few limitations with regards to well diameter 
• 	Inexpensive 
• 	Portable 
• 	Readily available 
• 	Tubing can be dedicated or easily decontaminated 

Limitations on the use of suction pumps include the following: 

• 	External power source 
• 	Vacuum will cause loss of dissolved gas, including volatile organics 
• 	Restricted to areas with water levels within 10 to 25 feet of the ground surface 
• 	Internal components of the pumps may be difficult to decontaminate 

Gas-Lift Samples - This group of samplers uses gas pressure either in the annulus ofthe well or in 
a venturi to force the water up a sampling tube. These pumps are also relatively inexpensive. Gas 
lift pumps are more suitable for well development than for sampling because,the samples may be 
aerated, leading to pH changes and subsequent trace metal precipitation or loss of volatile organics. 
An inert gas such as nitrogen is generally used as a gas source. 

Submersible Pumps - Submersible pumps take in water and push the sample up a sample tube to the 
surface. The power sources for these samplers may be compressed air or electricity. The operation 
principles vary and the displacement of the sample can be by an inflatable bladder, sliding piston, 
gas bubble, or impeller. Pumps are available for two-inch diameter wells and larger. These pumps 
can lift water from considerable depths (several hundred feet). 

Limitations of this class of pumps include: 

• 	Potentially low delivery rates. 
• 	Many models of these pumps are expensive. 
• 	Compressed gas or electric power is needed. 
• 	Sediment in water may cause clogging of the valves or eroding the impellers with 

some of these pumps. 
• 	Decontamination of internal components is difficult and time-consuming. 



Page 8 of I I 

5.4 	SamplinQ 

The sampling approach consisting of the following, should be developed as part of the Sampling and 
Analysis Plan prior to the field work: 

1. Background and objectives of sampling. 
2. Brief description of area and waste characteriz,ation. 
3. Identification of sampling loca6ons, with map or sketch, and applicable well construction 

data (well size, depth, screened interval, reference elevation). 
4. Sampling equipment to be used. 
5. Intended number, sequence volumes, and types of samples. If the relative degrees of 

contamination between wells is unknown or insignificant, a sampling sequence which 
facilitates sampling logistics may be followed. Where some wells are known or strongly 
suspected of being highly contaminated, these should be sampled last to reduce the risk of 
cross-contamination between wells as a result ofthe sampling procedures. 

6. Sample preservation requirements. 
7_ 	Schedule. 
8. List of team members. 
9. Other infonnation, such as the necessity for a warrant or permission of entry, requirement 

for split samples, access problems, location of keys, etc. 

5.4.1 Sampling Methods 

The collection of a groundwater sample includes the following steps: 

I. 	First open the well cap and use volatile organic detection equipment (HNu or OVA) on the 
escaping gases at the well head to determine the need for respiratory protection. This task 
is usually performed by the Field Team Leader, Health and Safety Officer, or other 
designee. 

2. When proper respiratory protection has been donned, measure the total depth and water 
level (with decontaminated equipment) and record these data in the field logbook. Calculate 
the fluid volume in the well according to Section 5.2 of this SOP. 

3. Lower purging equipment or intake into the well to a distancejust below the water level and 
begin water removal. Collect the purged water and dispose of it in an acceptable manner 
(e.g„ DOT-approved 55-gallon drum). 

4. Measure the rate of discharge frequently. A bucket and stopwatch are most commonly used; 
other techniques include using pipe trajectory methods, weir boxes or flow meters. Record 
the method of discharge measurement. 

5. Observe peristaltic pump intake for degassing °bubbles" and all pump discharge lines. If 
bubbles are abundant and the intake is fully submerged, this pump is not suitable for 
collecting samples for volatile organics. 

f 
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6. Purge a rninimum ofthree to five well volumes before sampling. In low permeability strata 
(i.e., if the well is pumped to dryness), one volume will suffice. Allow the well to recharge 
as necessary, but prefe-ably  to 70 percent of the static water level, and then sample. 

7. Record measurements of speoific conductance, temperature, pH, and turbidity during 
purging to ensure that the groundwater level has stabilizcd. Generally, these measurements 
are made after the removal of three, four, and five well volumes. 

8. lf sampling using a pump, lower the pump intake to midscreen or the middle of the open 
section in uncased wells and collect the sample. Ifsampling with a bailer, lowerthe bailer 
to the sampling level before filling (this requires use of other than a'bucket-type" bailer). 
Purged water should be collected in a designated container and disposed of in an acceptable 
manner. 

9. (For pump and packer assembly only). Lower assembly into well so that packer is 
positioned just above the screen or open section and inflate. Purge a volume equal to at least 
twice the screened interval or unscreened open section volume below the packer before 
sampling. Packers should always be tested in a ca.sing section above ground to determine 
proper inflation pressures for good sealing. 

10. In the event that groundwater recovery time is very slow (e.g., 24 hours), sample col lection 
can be delayed until the following day. However, it is preferred that such a well be bailed 
early in the morning so that sufficient volume of water may be standing in the well by the 
days end to permit sample collection. If the well is incapable of producing a sufficient 
volume of sample at any time, take the largest quantity available and reeord in the logbook. 

11. Add preservative if required (see SOP F301). Labet, tag, and number the sample bottle(s). 

12. Volatile organics septum vials (40 ml) should be completely filled to prevent volatilization 
and extreme caution should be exercised when filling a vial to avoid turbulence which could 
also produce volatilization. Thesampleshouldbecarefullypoureddownthesideofthevial 
to minimize turbulence. As a rule, it is best to gently pour the last few drops into the vial 
so that surface tension holds the water in a"convex meniscus." The cap is then applied and 
some overflow is lost, but air space in the bottle is eliminated. After capping, tum the bottle 
over and tap it to check for bubbles; if any are present, repeat the procedure. If the second 
attempt sti11 produces airbubbles, note on Chain-of-Custody form and in field notebook and 
submit sample to the Iaboratory. 

Fill the remaining sample containers in order of decreasing volatilability (semi-volatiles 
next, then pesticides, PCBs, inorganics, etc.). 

13. Reptace the well cap. Make sure the well is readily identifiable as the source ofthe samples. 

14. Pack the samples for shipping (see SOP F301). Attach custody seals to the shipping 
container. Make sure that Chain-of-Custody forms and Sample Analysis Request forms are 
properly filled out and enclosed or attached (see SOP F302). 

15. Decontaminate all equipment. 
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5.4.2 Sample C®ntainers 

For most samples and analytical parameters, either glass or plastic containers are satisfactory. SOP F301 
describes the required sampling containers for various analytes at various concentrations. Container 
requirements shall follow those given in  USEPA Standard Operating Procedures and Ouality Assurance  
Manual  (USEPA, 1991) and SOP F301. 

5.43 Preservatton of Samples and Sample Volume Requirements 

Sample preservation techniques and volume requirements depend on the type and concentration of the 
contaminant and on the type of analysis to be performed_ SOP F301 describes the sample preservation and 
volume requirements for most of the chemicals that will be encountered during hazardous waste site 
investigations. Sample volume and preservation requirements shall follow those given in USEPA, 1991, and 
SOP F301. 

5.4.4 Field Biltration 

In general, preparation and preservation of water samples for dissolved inorganics involve some fonn of 
filtration. AII samples will be filtered in the field the same day as collection. The recommended method is 
through the use of a disposable in-line filtration module (0.45 micron Slter) utilizing the pressure provided 
by the upsiream pumping device for its operation. 

Filtration and preservation are to occur in the field on the same day as collected with the sample aliquot 
passing through a dedicated disposable 0.45 micron filter. Samples for organic analyses shall never be 
filtered.  

5.4.5 Handling and Transporting Samples 

After collection, samples should be handled as little as possible. It is preferable to use self-contained 
"chemical" ice (e.g., "blue ice") to reduce the risk ofcontamination. If water ice is used, it should be double- 
bagged and steps taken to ensure that the melted ice does not cause sample containers to be submerged and, 
thus, possibly become crosscontaminated. All sample containecs should be enclosed in plastic bags or cans 
to prevent cross-contamination. Samples should be secured in the ice chest to prevent movement of sample 
containers and possible breakage. Sample packing and transportation requirements are described in SOP 
F301. 

5.4.6 Sample Holding Times 

Holding times (i.e., allowed time between sample collection and analysis) for routine samples are given in 
USEPA, 1991, and SOP F301. 

6.0 QUALITY ASSURANCE RECORDS 

Quality assurance records will be maintained for each sample that is collected. The following information 
will be recorded in the Field Logbook: 

Sample identi6cation (site name, location, project no.; sample namelnumber and location; 
sample type and matrix; time and date; samplers identity). 
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• 	Sample source and source description. 
• 	Field observations and measurements (appearance; vnlatile screening; field chemistry; 

sampling method; volume of water purged prior to sampling,  number of well volumes 
purged). 

• 	Sample disposition (preservatives added; lab sent to; date and time). 
• 	Additional remarks, as appropriate. 

Proper chain-of-custody procedures play a crucial role in data gathering. SOP F302 describes the 
requirementsforcorrectlycompletingachain-of-custodyform. Chain-of-custody forms (and sample analysis 
request forms) are considered quality assurance records. 

7.0 REFERENCES 

American Society of Testing and Materials. 1987. Standard Guide for Samnlin¢ Groundwater Monitoring 
Wells. Method D4448-85A, Annual Book of Standards, ASTM, Philadelphia, Pennsylvania. 

U. S. EPA, 1991. Standard Ooeratin¢ Procedures and Ouality Assurance Manual_ Environmental 
Compliance Branch, U. S. EPA, Environmental Services Division, Athens, Georgia. 
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Standard Guide for 
Sampling Groundwater Monitoring Wells' 
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1. Scope 
1.1 'Ihis guide covets tt procedura for obtaining valid, 

representative samples from groundwater monitoting wclls_ 
The scope is limited to sampling and "in the field" prescrva- 
tion and does not indude well location, depth, wcll dcvelop- 
ment, design and eonstruction, screcning, or analytical 
proccdures_ 

1-2 'II»s guide is only intendcd to provide a revicw of 
many of the most commonly uscd mcthods for sampling 
groundwater quality monitoring wells and is not intended to 
scrvc as a groundwatcr monitoring ptan for any spcafic 
applieation. Becausc of the large and ever increasing number 
of options availablc, no single guide can be viewod aaz 
comprehensive. The practitioncr must makc every effon to 
cnsure that the methods usccl, whcthcr or not thcy att 
addressed in this guide, are adcquate to satisfy the moni- 
toring objectives at each site. 

1.3 This standard may involvehazardous materials, oper- 
' ~ns, and equipment. This standard does not purporr to 

ess all ojthe sajety problems associated with (u use. It ir 
esporuibility of whoever uses th(s standard to cortruA ardd=  

establish appropriate sajety and health practices and deter- 
mine the applicability ojregulatory limitations prior to ure. 

2. Summary of Guide 

2.1 Thc equipment and procedures uscd for sampling a 
monitoring well depcnd on many factors. Iltese indude, but 
are not limited to, the design and construction of the well, 
rate of groundwater flow, and the chemical speacs of 
intcrest Sampling proccdura will be different if analyring 
for trace organiec, volatila, oxidizable speaes, or trace 
metals is needed_ This guide considets all of thesc factots by 
discussing equipmcnt and proccdttro options at each stagc of 
the sampling sequenee. For ease of otganiz.ation, the sam- 
pling process can be dididcd into three stcps: well tlushing, 
sampic withdrawal; and ficld prcparation of sampla. 

2.2 Monitoring wclls must be flushed prior to sampling so 
that thc groundwater is samplcd, not the stagttant water in 
the well casing. If the well casing can be emptied, this may be 
donc although it may be necessary to avoid oxygen eontaet 
with ::he groundwater. If the wdl eannot be emptied, 
proccdura must be estabfished to demonsttate that the 
sample represents groundwater. Monitoting an indicative 
paramcter such as pH duting Ilushing is desimble if such a 

amcter can be identified. 

' This {uid< ia undcr the juritdiction of ASTM Comtvttm D-34 on wsste 
D~posil ind is the dirm tctponvbility o($ubcommittce D31.01 on S2mplin6 snd 
Monfto`ing 

Cuvcnt 	 A.C. 21 and Occ. 25. 1985. PubftzhM May  1996- 

2_3 Thc typcs of spccies that are to be monitored as well as 
the concenuation levels are ptime factors for selecting 
sampling deviccs (1, 2). 2  The sampling device and all 
matuials and deviccs the water contacts must bc construeted 
of matuials that will not introduce contaminants or alter the 
analyte chcmically in any way. 

2 4 11te method of sample withdrawal ean vary with the 
parameters of intctest 'Ihe ideal sampting -schemc would 
employ a completdy incn matetial, would not subjcct the 
sample to negative prezsure and only modctate positive 
ptcssure, would not expose the sample to thc atmosphere, or 
ptcfctably, any othcr gascous atmosphcre before conveying it 
to the sample container or flow ccll for on-site analyits. 

2_5 The dcgrce and typc of effort and eare that gocs into a 
saLmpling progratn is always dcpendent on the ehemical 
spcaes of intcrest and the eoncentration Ievcls of interai As 
the concentration level of the ehemical spcacs of analytical 
intetut decrease.s, the work and precautions neassary for 
samphng arc increascd. Iberefore, the sampCing objective 
must cicarly bc dcfined ahead of time. For example, to 
prcpan: cquipment for samphng__for mg/L (ppm) levels of 
Total Otganic Carbon (TOC) in watcr is about an ordcr of 
magttitudc caver than prcparing to sample for pg/L (ppb) 
levcis of a trace otganic like benzene. "Iltc spccific precau- 
tions to bc takcn in prepating to sample for ttace otgAnics arc 
ditierent from thosc to be taken in sampl -ing for trace metaLc 
No final Environmcntal Protcction Agcncy (EPA) protocol is 
available for samp(ing of trace organics. A short guidance 
manual, (3) and an EPA documcnt (4) conccming moni- 
toting wcll sampling, induding consdemtions for trace 
otganics are available. 

2.6 Care must be taken not to cross contaminate samples 
or monitoring wdls with sampling or pumping devicas or 
materials. All samplcs, samphng devioa, and containers 
must be protccted from the environment when not in use. 
Watcr lcvel measurcmcnts should be made before the well is 
flushed_ Oxidation-reduction potential, pH, dissolved ox- 
ygen, and tcmpuature measurements and filtration should 
all bc pufotmcd on the ximple in the fidd, if posa-blc. AlI 
but tempcmtucc measurement must be done prior to any 
significant atmosphcric exposutc, if possible. 

2.7 The sampling procedure9 must be we11 planncd and all 
samplc containers must be prcpared and labded prior to 
going to thc field. 

3. Signiresnce and Use 

3.1 Thc quality of groundwater haz bccome an issue of 
national conecrn. Groundwata monitoring wells are one of 

t  Thc holdGcc numbm in patcnthcsa nSa to a rist o( rdacnccc a[ thc rnd of 
thu ryidc 
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TABt..E 1 Typicat Container end Preaervatiou Rc'9u 7rements lor a Ground -Wates Monieoring Ptogram 

. vulumc Conuinu P— — Maaimum 

Samd<sndMosurcmcm R<Vuirtd p,Hycthyknc `.atisc .__ 	Hotdint 
tmLl G—Glass Timc 

Nctals At/Ox/Cd/Cr/Fc Pb/Sc/ toDO -2000  P/G (sPCaa1 +cW hirh purity nitric 6 months 

At/MNNa 	 - dnnin[) acid to PH <2 

Ncicu7 200-300 P/G fspuW acid hirh purily nitric 28 days 
rloninB) uid to pH <2 

a0 05 A 
K,GaO, 

iadioani.ity alpha/bcta/ndium 4000 P/G (sPaixl atid hi(h putity nitric 6 months 
c{oning) acid to pH Q 

.hcndic,, 500-1000 G cool. 4'C 28 daya 
H,SO. to 

PH Q 

AisMlancous 	 '~ I006-2000 P 000l, t'C 28 days 

Auoridc 	 . 300-500 P 28 days 

chlaik " 	30-200 P/G 28 daya 
Sulfate to0-500 P/G 48 houts 

Nitntc 100-250 P/G 6 h  
Colifotm 	 " too P/G on vtc/24 h 

Conduniaity 100 P/G on vW6 h 
p t{ too P/G 48 b  

Tusbidity 100 P/G --. 

xal orynic arbon (rOC) 25-100 P/('a coot CC „ 24 h 
_ cool. 4'C HQ . 

or H tSO, to 28 day: 
pH Q 

s»cidq hcrbioda and toul 1000-~000 GJiFE-0uoto- cwt, {'C 7 days/cctraciioa +30 
organic hilogrn (TOX) arbon hncd days/arulriu 

-npadvrnt 
simed 

uncubl<organia 100(t-2000 G/iFE-0Yao- mol, <'C 7 days/cztraction +JO 
nsbonaincd days(analysit 
cap whcnt 
rinxif 

ganic purgriNa 25-120 G/rial cool t'C 14 day: 
acrolaNaaylonivilc TFE-0uoronr- 3 days 

' bona'inod sep- 
tum 

c more important tools for cvaluating the quality of 
oundvrater, dehneating eontamination plumes, and estab- 
hing the intcgrity of hazardotu matctial managcment 
-ilitics. 

3.2 Iltc goal in samp(ing groundwatcr monitoring wclls is 
obtain sampla that arc tntly ttprescntative of tite aquifer 
groundwater in qucstion- This guide discvSscs the advan- 
;cs and disadvantages of various well flushing, sample 
:hdtawal, and sample prescrvation tcchniqua. It reviews 
: patameters that nccd to be considctcd in devdoping a 
.id sampling plan. 

Well Flusfitng (Purgittg) 

4.1 Water that stands within a monitoting well for a long 
iod of time may bxome unrcprescntative of fot7nation 
ecr because chemical or biochemical ehange may cat>_se 
cr quality aiterations and even if it is unctanged from the 
c it entctcd thc wcll, the stored water may not be 
rescntative of formation water at the time of sampling, or 
h. Bccatue the rcprescntativencss of storod water is 
stionablc, it should bc excluded from samplcs collcctcd 
n a monitoring weII. 
.2 Thc surest way of atxomplishing this objcctive is to 
.ove all stottd watct from the casing prior to sampling. 
carch with a traccr in a full scale modd 2 in. P VC wcU (5) 
catcs that pumping 5 to 10 times the volume of the wdl 
an inlet uear the froc wata surface is suffiderit to rcmove 
hc stored water in the casing. Thc volumc of the wcll may 

be calailated to indude the wcll screen and any gravel pack 
if natural flow through thcse is deemed insufficient to keep 
them flushed out. 

4.3 In dcep or latgc diameter wells having a volume of 
water so la2ge as to make removal of all the water imprac- 
ticai, it may be feasible to lower a pump or pump inlct to 
somc point wdl bclow the wa[cr surface, purge only the 
volume bdow that point then withdraw the sample from a 
dccper levcl. Rescatch indicata this approach should avoid 
most contamination assoaated with stotcd water (5, 6, 7). 
Scaling the casing above the putge point with a packer may 
make this approach more dcpendable by ptcventing tnigta- 
tion of stoted watcr from above. But the packer must be 
above the top of the scrccned zone, or stagnant water from 
above the packer will flow into the putgcd zone through the 
wcll's gtavd/sand pack- 

4.4 In low yielding wclls, the only practical way to rcmove 
all standing watcr may bc to cmpty the casing. Since it is not 
always possible to temovc all watcr, it may be advisable to let 
the wcll recover (rcftll) and cmpty it again at Icast oncc. If 
introduaion of oxygen into the aquifer may be of concctn, it 
would be bcst not to uncover the screcn when paforming the 
above proocdutes. Thc main disadvantage of inethods de- 
signcd to ttmove all the stored water is that latge voluma 
may nced to bc pumpcd in certain instanccx The main 
advantage is Ihat the potential for eontamination of sampla 
with storod water is minimizcd. 
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,iother approach to well flushing is to monitor one 
indicator paramcters such as pH, tempetaturc, or 

nductivity and coasider the wcll to be flushed when the 
dicator(s) no longcr change. Thc advantage of this method 
that pumping can bc donc from any location within thc 
sing and thc volumc of stored watcr present has no dittct 
aring on thc volumc of watcr that must be pumped. 
bviously, in a low yiclding wcll, thc well may be emptied 
forc the paramctcts stabilize. A disadvantage of this 

, proach is that thcrc is no assurancc in all situations that 
c stabilizcd patamctcrs rcpracnt formation wata. If signif- 
tnt drawdown has occurrcd, watcr from some distancc 
ray may bc ptillcd into the scrcen' causing a stcady 
ramcter rcading but not a rtpracntative rcading. Also, a 
itable indicator parameter and mcans of continuously 
:asuring it in the ficld must be available. 
4.6 Gibb (4, 8) has desctibed a time-dzawdown approach 
ing a knowledge. of the well hydrattlics to prcdict the 
tccntagc of storcd watcr enteting a pump inlet ncar the top 
the scrcen at any time after floshing begins. Sampla are 
(en when thc pcnxntage is acaptably low. As before, the 
vantagc is that wcli volume has no tiirect effect in the 
ration of pumping_ A eurtcnt knowledge of the well's 
draulic chatacteristia is necrssary to employ this ap- 
)ach. Downward migration of stored water due to effccts 
tcr than drawdown (for example density d"tfI'aenccs) is not 

—tcd for in this approach. 
any flushing apptoach, a withdrawal rate that 
: drawdown while satisfying time eonstraints 

)uld oc uscd. Fattzssive drawdown distorts thc natural flow 
Zcrns around a well and ean catuc contaminants that wcre 
t prescnt otiginally to bc drawn into thc wcll.  

S. Materisls and Manufacture 

-- 5.1 The choice of materials ttscd-in thc consvuction of 
sampling deviocs should be based upon a knowlcdge of wbat 
compounds may bo ptcscnt in the sampling environmcnt 
and how the sample matcrials may intcract via lcaching, 
adsorption, or cratalysis. In some situatiotss, PVC or somc 
other plastic may be suffiaent. In othets, an all glass 
apparatus may bc necessary. 

5.2 Most analytical protocols sttggcst that the devias uscd 
in sampling and stoting samplcs for tracc organia analysis 
(µg/L Ieve}s) must be consttucted of glass or 
TFE-fluororarbon trsn, or both. One sttggcstion advanccd 
by the EPA is that the monitoring wcll be eonstructed so that 
only TFE-fluorocarbon tubing be used in that portion of the 
sampGng wcll that extcnds from a few feet above the water 
table to the bottom of the botchola (3, 5) Althottgh this type 
of wcll casing is now commcrrially availablc, PVC wcll 
casings arc cturcntly the most pdpttlar. If adhcsivcs are 
avoided, PVC wcll psittgs are atxcptabk in tnany cases 
although thcir usc may still lead to some probiems if tiace 
organia are of conccm. At pracnt, the typc of backgnemd 
ptcxnted by PVC and intcractions occurzing between PVC 
and groundwatcr an: not wcll undcntood. Tm, in the form of 
an otganotin stabilizcr addcd to PVC, may entcr samplcs 
taken ftom PVC casing_ (9) 

5.3 Sinoc thc most significant problcm cncountucd in 
trecc otganics sampling, tuules from the use of PVC 
adhaiva in monitoring wcll construction, thtzadcd joiuts 
might avoid thc problcm (3, 5)_ Milligtam per litre (pazts per 
million) lcvcls of compounds such as tctrahydrofuran, 
mcthyl-cthyl-kctonc, and tolucnc arc found to Icach into 
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fabricate equipment- Unfortunately, it is not totally immune 
to corrosion that could relcase metallic contaminants. Stain- 
Icss stccl contains various alloying metals, some of thae (for 
cxamplc Ni) are -commonly uscd as catalysts for vatious 
rcactions Zlte alloycd eonstituentc of some stainlas steels 
can be solubilizcd by the pitting action of nonoxidiung 
anions such as chloride, fluoride, and in some instances 
sulfate, over a range of pH conditions. Aluminum, titanium, 
polyethylene, and other corrosion reststant matttials havc 
been proposed by some as aoceptable materials, depcnding 
on groundwater quality and the constituents of intcrat 

5.8 Where temporarily installed sampling cquipment is 
uscd, the sampling devioe thaC is choscn should be non- 
plastic (unless TFFfluorocarlwn), dcanable of trace or- 
ganics, and must bc deaned bctween each monitoting wcll 
ux in onier to avoid etoss-contamination of wclls and 
saznplcs. The only way to ensure that the dcvicc is indced 
"cican" and acceptablc is to analyu labomtory wata blanks 
and ficld water blanks that have bcen soaked in and passad 
through the samphng devicc to check for the background 
lcvcrs that may rault from the sampling matctials or from 
ficld conditions Iltus, all samplings for trace materials 
thould be accompanicd by samp(rs which rcpresent the Gcld 

'kground (if possible), the sampling equipmcnt back- 
id, and thc labomtory background_ 

.,.9 Additional sampla arc often takcn in the Lcld and 
spiked (spiked-field sampla) in order to verify that the 
samplc handling proccdures are validd Thc Amcncan Chcm- 

ical Soaety's eommittce on environmeutal improvement h 
publishcd guidclincs for data acquisition and data evaluati 
wbich should be uscful in such environmental evaluatio 
(10, 12). 

6. Sampling Equipment 

6.1 Iltuc is a faitiy large choice of equipment praent 
available for groundwatcr sampfing from single screen ,  
wells and wctl dustcts. T'he sampling devitxs can be eatcg 
rtzed into the following cight bavc typcs. 

6.1.1 Down-Hole Collection Devices: 
6_1.1.1 Bailers, messenger bailers, or thief samplets (I 

14) ate cxamplcs of down-bolc dcviar that probably provic 
valid samples once the well has been flushed. 'fltey are n- 
practical for rcmoval of large volumes of water. The 
dcviccs can be constructed in various shapes and sizes from 
variety of matetials. 11tey do not subjcct the sample i 
ptrssure extremei 

6.1.1.2 8ailea do expose part of the sample to tt 
atmos-phete during withdrawat: Bailcxs tucd for sampling ~ 

volatile organic compounds should have a sample cock c 
draR valve in or ucar the bottom of the samplu allowir 
withdrawal of a sample from the well bdow the exposc 
surface of the watcr or thc fust few inches of the samp 
should bc discarded. Suspcnsion Gnes for bailcrs and othi 
sampiers should be kept off the ground and free of otht 
contaminating matenals that could bc catricd into the wd 
Down-holc dcviccs arc not vcry practical for usc in dcc 
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clis. Howcvcr, potcntial samplc oxidation during transfcrof 
ic sample into a colicctioo vessel and time cotutraints for 
, wcting and retricval for dccp sampling are the primary 
.sadvantagls-  
6.1.1.3 Zbree down-hole deviccs are the single and double 
icck valve bailecs and thicf sampiers. A sehematic of a 
ng(c chcck valvc unit is illusuatcd in Fig- 1. The bailer may 
: thteadcd in the middic so that additional Ieugtivc of blank 
sing may bc addcd to inctcase the sampling volume. 
~E-fluotocarbon or PVC are the most cummon matcrials 
cd for coastruction (15). 
6.1.I.4 In opctation, thc single chcck valve bailcr is 
Ncred into the wcll, watcr entcrs the chambcr through the 
ttom, and the waght of the water column doses the check 

vaive upon bailer rettievai. The spoafic gtavity of the ball 
should bc about 1.4 to 2.0 so that thc ball almost sits on the 
chcck valve scat during chambcr filling- Upon bailer with< 
drawal, the ball will immediatdy xat witbout any szmples 
losc through the check valvc- A similar teehnique involves 
lowaing a scalcd sample containcr wit[tin a waghtcd botTle 
into the wc1L The stopper is thcn pullcd from the bottle via a 
linc and thc cntirc asscmbly is rcttievcd upon filling of the 
cqntainer (14, 16). 

6.1.1.5 A double check valve bailcr allows point sotttce 
sampling at aspedfic dcpth (15,17). An ezample is shown in 
Fg. 2. In this double check valve de4gn, water tlows throttgh 
the sample chambcr as the unit is lowutd. A venturi tapacd 
inlet and outict ensures that watcr passcs ftccly through the 

.,1.. I.L. ..11. ~Il k 
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uniL Whcn a dcpth where ihe sample is to be collcctcd=is 
rcachcd, the unit is rctricvcd. Bccause the diffctznce between 
cach ball and chcck valvc scat is mainiaincd by a pin that 
blocks vcrtic-al movement of the check ball, both check 
valva dosc simultaneously upon rettievaL A drainage pin is 
placcd into the bottom of the bailer to drain the sample 
dircctly into a collcction vcsscl to reduce the possibility of air 
ozidation. llte acrylic model in Fg. 2 is threadcd at the 
midscction allowing thc addition of thrcadcd casing to 
incrcase the sampling volume. 

6.1.1.6 Anothcr apprnach for obtaining point source sam- 
plcs cmploys a wcightcd mcssenger or pncumatic change to 
"trip" plugs at eithcr end of an opcn tube (for cxample, tube 
watcr samplcr or thicf sampler) to closc the chamba (18). 
Foctzt, Kemmercr, and-Bacon samplera_ atc of this variety 
(14, 17, 19). A simple and inexpcnsive pneumatic samplcr 
was recently ducribed by Gillham (20). The deviee (FSg 3) 
consistc of a disposablc 5o mL plastic syringc modificd by 
sawing oll the plungcr and thc finga grips_ Tlte rytinge is 
then attacbed to a gas-line by means of a mbbcr stopptt 
asscmbly. Tltc gas-Gne eztcnds to the surface, and' ts used to 
dnvc thc stcm-Icss plungcr, and to taisc and lowcr the syringc 
into thc holc. Whcn the gas-line is pressurizcd, the rubber 
plungcr is hcld at the tip of the syringe. "Iltc samplv is thcn 
'-wctr.d into the installation, and whcn the dcsitcd dcpth is 

cd, the pressure in the gas-line is rcduccd to atmo- 
~ _cic (or slightly las) and water entcrs thc syringe. 'Ilte 

sampicr is then rctrievcd from the instAllation and the 
sytingc dctached from the gas-line. Aftcr the_tip is scalcd, the 
syringc is uscd as a shon-tcrm storagc containcr. A numbcr 

of thicf or mcsscngcr dcvias are availablc in various 
materials and shapes. 

6.1.2 Suafon Lift Purrtps: 
6.1.2.1 lltrce types of suction lift pumps arc the direct 

linc, ctintrtfugal, and peristaltic. A major dis•advantage of any 
suction pump is that it is limited in its ability to raise water 
by the head avai7able from atmospheric ptcssute. Thus, if thc 
surface of the watcr is more than about 25 ft below the 
pump, watcr may not be withdtawn. T'he theorctical suction 
limit is about 34 @, but most suction pumps are eapable of 
maintainiag a watcr -fift of only 25 ft or Icss. 

6.1.2.2 Many suaion pumps draw the water through 
somc sort of volutc in which impellas, pistons, or othcr 
deviccs operatc to induce a vacuum. Such pumps are 
probably unacccptable for most sampling ptttpg5es because 
thcy are usually oonstntctcd of common matcrials such as 
btass or mild sted and may ezposa samples to lubricants. 
'Ihey oftcn induce very low ptcmtres around rotating vanes 
or other such paru such that dcgassing or even cavitation 
may oocnr. They can miz air with the sample via small Icaks 
in the easing, and they are difficult to adequately cican 
bctween uses_ Such pumps atc aoceptable for putging of 
wclls, but should not gcnctally be uscd for sampling. 
' 6.1.2.3 One czccption to thc above statcmrnts is a peri- 

staltic pump. A perirtaltic pump is a sclf-priating, low 
volume suction pump which consists of a rotor with ball 
bcaring rollus (21). Flezible tubing is inscrtcd arvund the 
pump rotor and squeczed by hcads as they rzvolve in a 
arcular pattern around the rotor_ One end of the tubing is 
plattd into the wcll whilc thc othcr end can be eonnected 
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rectly to a rceciving ves,scl. As the rotor movcs, a reduccd 
c,ssurc is acatcd in thc wcll tubing and an inacascd 
asucc (<40 psi) on the tubc Icaving thc rotor head. A drive 
aft conncctcd to thc rotor head can bc extendcd so that 
:iltiple rotor heads can bc attached to a single drive shaft 
6.1.2_4 The peristaltic pump mova thc liquid totally 
e}tin the sample tube_ No part of the pump contacts the 
uid. The sample may still be dcgassed (cavitation is 
likcly) but thc problcros due to contact with the pump 
shanism arc clinunatcd. Pcristaltic pumps do rcquirc a 
dy ticzible scction of tubing within the pumphead itself. A 
tion of siliconc tubing is commonly uscd within thc 
istaltic pumphcad, but other typa of mbing ean be uscd 
ticulatiy for the udions eztending into the weIl or from 
pump to the roceiving containcr. Thc National Council 

.he Paper Industry for Air and Stream Improvement (22) 
3mmends using medical grade silioone tubing for organic 
ipling purposcs as the standatd gtade uscs an organic 
~nizing agcnt which lias bcea shown to Icach into 
tplcs. Medical grade silicone tube is, howevcr, limitcd to 
over a rauictcd range of ambicnt temperatures. Various 
oufaaurers offer tubing lincd with TFE-Iluorocatbou or 
iv' for au with their pumps. Gibb (I, 8) found little 
:rcnce between samples withdtawn by a peristaltic pump 
thosc taken by a bailcr. 

. 
 

1.2_5 A direct method of collecting a sample by suction 
>ists of lowering one end of a length of plastic tubing into 
wcll or piczometer. The opposite cnd of the tubing is 
iccted to a two way stopper bottle and a hand held or 

'ilon u s tradcmvt of E/. do Pont dc Ncmovn k Co_ w'4miapoq DE 
and hu baa found witadc ror this pu ~yo+c 

mechanical vacuum pump is anachcd to a sxond tubing 
Icaving tbe bottlG A chcck valvc is attachcd bctwcen the two 
bna to maintain a constant vacuum control. A sample can 

_ then be drawn directly into the eollection vtssel without 
contacting the pump mechanism (5, 23, 24). 

6.1.2_6 A centrifugal pump can be attachcd to a length of 
plasvc tubing that is lowercd into the weiL A foot valve is 
usually attachcd to the end ofthc well tubing to assist in 
ptiming the tubc i'he mazimum lih is about 4.6 m(l5 R) 
for such an arrangemcnt (23, 25, 26). 

6.1_2.7 Suction pump approaches offer a simple sample 
rctrieval method for shallow monitoting: Tte diroct line 
method is eztrcmcly portable though considetable ozidation 
and mizing may occur d"uring collection. A centtilugal pump 
will agitate the sample to an even gitater degrtx although 
pumping tatcs of 19 to 151 Lpm (5 to 40 gpm) can be 
attaincd. A pcuistaltic pump providcs a lowcr sampling tate 
with Icss agitation than the othcr two pumps. Ibe with- 
drawal rate of paistahic pumps can be carcfvlly rcgulated by 
adjustment of the rotor head revolution. 

6.I.Z8 AII three systems can bc speaally dcsigned so that 
the wata sample eontacts only the TFE floutocazbon or 
silicoue tubing prior to sample bottle entry. Scparate tubing 
is rccommcnded for each well or piczometer samplcd. 

6.13 Elerlric Submersfbfe Pumps: 
6.1.3.1 A submcisible pump consists of a scalcd dxuic 

motor that powas a piston or helical single thrtad worm at a 
high ipm. Water is brought to the surface through an aoccu 
tub,— Such pumps have bccn uscd in the watcr wdl indusuy 
for years and many designs ezist (5, 26). 

6.1.3.2 Submcniblc pumps provide tclativdy high dis- 
chatge ratcs for watcr withdrawal at dcpths bcyond suaion 
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lift capabilities. A hattcry opemted unit 3.6 em (1.4 in.) in 
diamcter and with a 4.5 Lpm (1.2 gpm) (low rate at 33.5 m 
(1 l0 ft) has been devcloped (27). Anothcr submcrsible pump 
has'an outer diameter of 11.4 em (4.5 in.) and ean pump 
watcr from 91 m(300 ft). Pumping tatcs vary up to 53.0 
Lpm ( l4 gpm) dcpcnding upon thc dcpth of thc pump (28). 

6.13.3 A submcrsible pump provida highcr eztraction 
mtcs than many othcr methods. Considemble sample agita- 
tion ttsults, howcver, in the wcli and in thc col(cction tube 
iflring transport The possibility of introducing trace metals 

. thc samplc from pump matctials also czists. Stccam 
aing of the unit followed by tinsing with unchlorinatod, 

dcionizcd watcr is suggcstcd bctwccn sampling whcn anatysis 
for organics in the parts per million (ppm) or pans per billion 
(ppb) rangc is rcquirc.d (29).  

6-1.4 Gas-L.ijt Pumps: 
6.1.4_ t Gas-lift pumps ux comptcsscd air to bring a water 

sample to the surfacc_ Watcr is fotti;ed up an eductor pipe 
that may be the outer casing or a smallcr diameter pipe 
inscrtcd into the well annulus below the water levd (30, 31). 

6.1.4.2 A similar princ3ple is uscd for a unit that eonsists 
of a small diametcr plastic tube perfotated in the lowcr end. 
This tube is placcd within anothcr tube of slightly larga 
diamcta. Compressed air is injxtcd into the inner tubc; the 
air bubbla through the perfotations, thcrcby lifting thc water 
sample via the annulus bctwccn the outer and inner tubing 
(32). in practia, the cductor linc should be submerged to a 
depth equal to 60 % of the total submuged eductor Icngth 
during pumping (26)- A 60 % ratio is considaed optimal 
although a 30 % submcrgcncc ratio is adcquate. 
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6.1_4.3 'Ihe soutcc of comprrsscd gas may be a hand  

imp for dcpths gcnctally lcss than 7.6 m(25 ft). For gicata 
pths, air compnessors, prtssutv.cd air bottics, and air 
mpers.scd from an automobilc engne have bcen used. 
6.1.4.4 As alicady mentioned, gas lift methods result in 
'nsiderable sample agitation and mixing within the we6, 
d canaot be uxd for sampla which will bc tested for 
tatile organia. The eductor pipc or weigbtcd plastie tubing 
a potential souroc of sample oontamiaation. In addition, 
ibb (8) uncovacd dit5cultia in sampGng for inorgania. 
ncsc di[Ecultics wcre attributcd to changcs in rcdox, pH. 

and spcaes ttansformation due to solubility constant 
changa tcsulting fiom rnipping, oxidation, and pressutc 
changa 

6_1.5 Gas D"upfacemcnt Pumpr 
6.1.5.1 Gas displaocment or gas drive pumps are distin- 

guishod from gas-lift pumps by the mcthod of sample 
hansporL Gas displaocment pumps fonx a disactc column 
of wata to the sutfaoc via mEchanical liR without eztcasve 
mixing of the ptrssurizcd gas and water as ouua with air-liR 
cquipmcnt 'Ihe ptinciplc is shown schematically in Fig. 4. 
Watcr filh the ebambcr. A positive pttmuc is apptiod to the 

u 



(~ D 4448 

~n Tygon Tubing 	Pressure Gauge 	--° 
\ 	/ 	/Smn Tygon Tubing 

! Ho se Clamp 
—~-~--1 —~ — 

:mm Plastic Tubing 

No. 61 Rubber Stopper 

22mn Bicycle Tubing 

lmm Air Holes 

3m Holes 

49mm PYC Pipe 

Imm Air H61es 

1109 Weight 

I Liter Bottle 

5m Plastic Tubin 

lnrn Holes 

Plug 

D'.onofilament Line 

re—Takm hom nef (53). 
FlG. 10 Pscker Pump Annngemenl 

gas line closing the samplcr check valve and foreing water up 
the samplc line. By removi.ng  the pressure the eycle can be 
repeated. Vacuum can also be used in eonjunction with the 
gas (30). Thc device can bc permanetttly installcd in the weB 
(33, 34, 35) or lowered into the wcB (36,37). 

6.1.5_2 A more complicated two stage design constmeted 
of glass with chcck valvcs madc of TFE-fluorocarbon has 
bcen eonstructed (38, 39). The unit was designed spedfically 
for sample testing for trace (cvel organics. Continuous flow 
rates up to 2.3 Lpm (0.6 gpm) arc possible with a 5.1 cm (2 
in.) diamcter unit. 

6.1.5.3 Gas displacement pumps have also becn devel- 
opcd with multiple functions. The water samplc in Fg. 5 
providcs piezometric data mcasurements with an intemally 
mounted ttansduccr (40). A samplc with its transduccr 
czposcd ezternally for piezomctric mcasurcments is illus- 
tratcd fn Fig. 6(41). The sensor can activate the gas source at' 
the surface to cause sample chamber pressutvation at the 
prcdctcrmined dcpth. Anothcr design can be used as a water 
sampler or aaz a tool for injecting btine or other tracers into a 
wcll (42). 

6.1.5.4 Gas displacemcnt pumps offer reasonable poten- 
tial for preserving samplc integtity bccause litile of the 

;ving gas eomes in contaet with the samplc as thc sample is 
vcycd to thc surface by a positivc pressurc. ITxre is, 

,.,,wever, a potential loss of dissolved gasses or eontamina- 
tion from the driving gas and thc housing matmals.  

6.1.6 Bladder Pumps: 
6.1_6.1 Bladdcr pumps, also referrcd to as gas-operated 

squccze pumps, consist of a flexible membrane endoscd by a 
tigid housing. Watcr cnters the mcmbrane through a chcck 
valvc in the vcssel bottom; compressed gas injeeted into the 
cavity betwcen the housing and bladdcr fotres the sample 
through a eheck valve at the top of the membtane and into a 
dischatge line (Fig. 7). Water is prevented fi'om rc{nteting 
the bladder by the top check valve. The ptvicess is repeated to 
cycle the wata to the surface. Samples taken from depths of 
30.5 m(100 ft) have bcen reported. 

6.1.6.2 A variety of daign modificrations and materials 
are available (43, 44). Bladder materials indude neoprene, 
tubbcr, etbylcnc propylene terpolymer (E.P.T.), nittile, and 
the fluorocarbon Viton.' A bladdcr made of TFE-fluoro- 
carbon is also under devdopment (45). Automated sampling 
systcros have bccn devdoped to control thc time bctwcen 
pressutiution cyda (46). 

6.1.6.3 Bladder pumps providc an adaptable sampling 
tool duc primarily to thc numbcrbf bladdcr shapa that are 
feasiblG Thesc devices have a distinct advantage ovcr gu 
displaccmcnt pumps in that there is no contact wltb tbc 
driving gas. Disadvantages include the latge gas volumcs 
rcquircd, low pumping ratcs, and potcntial contamination 
from many of the bladder matctia}s, the tigid housing, ot 
both. 

6.1-7 Gas Driven Piston Pnmps: 
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6. L7.1 A simple and inexpensive example of a gas driven 
piston pump is a sytinge pump (47)_ The pump (Fig. 8) is 
constmeted from a 50 mL plastie syringe with plunger stem 
removcd. The devicc is connccted to a gas line to the surface 
and the sample passes through a check valve atiangement to 
a sampling containcr at the surfacc. By sueoczsivdy applying 
positive and negative pressure to the gas-line, the plunger is 
activatcd driving watcr to the surfacc. 
. 6.1.7.2 A doublc piston pump powcrcd by compresxd air  
is illustrated in Fg. 9. Pressutizcd gas entcts the ehamber 
betwecn the pistons; thc alternating ehamba prarurization 
activatec the piston which allows water entry during the 
suction sttroke of the puton and forces the sample to the 
surfatx duting thc pressure strokc (48). Pumping ratcs 
between 9.5 and 30.3 L/hr (2.5 to 8 gal/hr) have bccn 
rcpottcd from 30.5 m(100 R). Dcpths in exars of 457 m 
(1500 ft) are possible. - 

6.1.7.3 The gas piston pump providcs eontinuous samplc 
withdrawal at dcpths grcatcr than is possible with most othcr 
approaches. Nevertheless, contribution of tmce dementts 
from the stainless steel and btacs is a potential problem and 
the quantity of gas uscd is significanL 

6.1.8 PackerPump.lrra>{gemenl: 
6.1.8.1 A paeker pump anangcment provides a means by 

wluch two cxpandablc "packczs" isolate a samphng unit 
bctween two packcrs within a wclL Since the hydraulic or 
pneumatic activatcd packers arr wedged agaitut the casing 
wall or saccn, the sampling unit will obtain watrr sampla 
only from the isolated wcll portiona The packers an: deflated 
for vertical movement within the weli and inflated when the 
desired depth is attained. Submetsible, gas fift, aad suetion 
pumps can bc uscd for samplingg The packers are usually 
consuuacd from somc typc of mbbcr or rubbcr compound _ 
(48, 49, 50, 51). A packcr pump unit consisting ofa vacuum 
samplcr positioned bctwcen two packers is illusiratod in 1=igg 
10 (52). 

6.1.8.2 A packcr asscmbly allows the isolation of disactc 
sampling points within a well: A numbcr of different 
samplcrs can bc situatcd bctween the packers depending_ 
upon the analytical spccifications for sample tating. Vertical 
movcmcnt of watcr outside the wcll casing during sampling 
is possiblc with packcr pumps but depends upon the 
pumping rate and subscquent disturbancr. Detetioration of 
the expandable matetials v,ill oceur witb time with the 
incrcaud possibility of undcsirable otganic eontaminants 
contributing to the water sampla  

reGigcmtion just above freezing (4'C in wet ice) is often the - 
bat prescrvation tcchniquc available, but it is not the only 
measure nor is it applicable in all easa. Th.tre may be special 	F-°. 
eascs whcre it tnight bc pmdent to include a recording 
thatnometcr in the sample shipmcnt to vctify the maximum 
and minimum temperaturc to which the samplcs were 
exposed. Inexpensive devices for this putpose are availabie. 

7.2 All bottics and containers must be spccially pre_ 
deaned, pre-labclled, and organizod in ice-chests (isolating 
samplcs and sampling cquipmcnt from the cnvironment) 
befote one goes into thc field. Othuwisc, in any comprchen- 
sive program utter chaos usually develops in the fidd or 
labomtory. -Ihe time in the field is very valuabie and should 
be spent on taking fieid notcs, measurements, and in 
documcnting samplcs, not on labclling and organizing sam- 
plcs_ 'Ilterefore, thc sampling plan should indude clear 
instructions to the samphng pcnonnel concerning the infor- 
mation required in the field data reoord logbook (notcbook), 
the infotmation nceded on eontainer tabds for identifica- 
tion, the chainof-custody protocols, and the mcthods for 
prcparing fidd blanks and spiked samplcs. Example of 
detailed plans and doatmentation procedutrs h_ave been 
publishcd (I4, 53). 

7.3 The exact tcquitcmenu for the voluma of sample 
needed and the number of eontainers to use may vary from 
labomtory to labomtory. Iltis will depend on the spa.ific 
analyses to be performcd, the concentration levels of interest, 
and thc individual laboratory protocols. The manager of the 
sampling progrun should make no assumptions about the 
laboratory analysa. Hc should discuss the analytical tcqttire- 
ments of the samphng ptog~am in detail with the laboratory 
coordinator beforchand. This is espcaally the eau since 

=somc analyscs and prescrvation mcasutrs must bo perfotmed 
at the labotatory as soon as possible afrer the samples artive. 
Thus, approptiate atranguncnts must be made. 

7.4 1ltete ate a numbcr of ecoclent tcfercnar available 
vihich list the containers and presavation techniques appro-
priatc for watcr and soils (13, 14, 50, 54, 55, 56). 'Ilte 
"Handbook for Sampling and Sample Prescrvation of Watcr 
and Wastewater" is an excellcnt tcferenee and perhaps the 
most comptthensivc one (14). Some of tlris information is 
summarized in Table 1. 

7.5 Sample containets for tracti organic samples rcquite 
spccial dcaning and handling considaations (57). 'I1te 
sample container for putgcable organics consist of a saew- 
cap vial (25 to 125 mL) fittcd with a TF6-flourocarbon factd 
silicone scptum. The vial is scaled in the labotatory immedi- 
atdy aficr dcaning and is only opened in the field jttst prior 
to potuing sample into iL The watcr sample then murt be 
scalcd into thc vial headspace fice (no air bubbles) and 
immediatdy eooled (4'C) for shipmenL Multiple samples 
(usually about four takcn from one largc sample containcr) 
aie taken bccaux Icakage of eontainers may eatsse losscs, 
may allow air to cntcr thc containcts, and may causc 
etroneous analysis of somc constituents. ALso, some analyses 
are bnY condueted on independeut protxted samples. 

7.6 Thc purgcablc sampla must bc analyzcd by thc 
labotatory wit!rn 14 days aftcr eollcaion, ualcss they are to 
bc analyzcd for acrolcin or aaylonitrile (in which casc thcy 
are to bc analyzcd within 3 days)_ For sampla for solvcnt 
cxtractions (extraaabic otganics-base ncutrals, acads and 

7_ Saatple Containers and Preserr:t3ou 

7.1 Complete and unequivocal preservation of samples, 
whcthcr domcstic wastcvratcr, indttsttial wastcs, or natural 
watcrs, is pmctically impossible. At brst, ptcservation txfi- 
iiqucs only retard the chemical and biological changes that 
ncvitably continue aher the sample is temovcd frbm the 
:ource. Thetcfore, insuting the timely analysis of•a sample 
-.hould be one of the fortmost considctations in the sampling 
)tan schcdule_ Methods of prrservation are.somewhat hm- 
tcd and are intendcd to retard biological action, retani 
iydrolysis of chemical compounds and complcxa, and 
educe the volatility of constituents_ Ptcservation methods 
re generally limited to pH control, ehemieal additioq 
cfrigcration and Crcczing_ For watcr samplcS, immediatc 
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pcsticidcs), thc samPlc bottics arc narrow mouth, scfc"' caP 
-jart bottics or half-gallon bottics that have bcen precicaned, 

-cd with the exttacling otganic solvent and oven dried al 
C for at least I h. Thex bottla must bc scalcd with 

t-Ouorocarbon lined caps (Note). Samples for organic 
extraction must bc extracted within 7 days and analyzed 
within 30 days after exttaction. Spxial prc-cicaned, solvent 
rinscd and oven-dricd stainlcss steel bcakers (one for each 
monitoting well) may bc used for transferring samplcs from 
the sampling device to the samplc containcrs. 

NoTE—When eollecting samplcs, the bottles should not be ovru<lled 
or prcrinscd with sample bcfore filling baausc oil and othcr matetiats 
may rcmain in the bottle. This Fan nuse orroneously high results. 

7.7 For a numbcr of gioundwatcr patametets, the most 
meaningful measurcmcnts are those made in the fidd at the 
time of sample collcction orat icact at an on-site labotatory. 
Theu indude the watcr Icvel in the wc11 and patamcters that 
sometimes ean change rapidly with stotage, A diseussion of 
the various techniqua for mcasuring the watcr levd in the 
well is contained in a NCASI publication (5) and detailed 
proccdures arc outlincd in a U.S. Gco)ogical Survcy publica- 
tion (58). Although a discttssion of these techniqua is 
bcyond the scope of this guidc, it is important to point out 
that accurate mcasurcments mttst be made beforc a wcll is 
tlushcd or only afrer it has had sufiicient time to tccover. 
Paramctcrs that can changc rapidly with stotage include 
spccific conductana, pH, turbidity, rcdox potcntial, dis- 
solvcd oxygcn, and temperatura For some of the other  

parameters, the  emphasis in.groundwatcr monitoring is on 
the coneentration of eactrspecifte dissolved component, not 
the total conccntration of each. Samp)es for these types of 
measurements should be filtered through 0.45 pm mcm-  
branc ftlters ideally in the held or possibly at an on-site 
Iaboratory as soon as possible. Analyses often requiting 
filtercd samplcs includc all mctals, radioactivity parameters, 
total organic carbon, dissolvcd orthophosphate (if necded), 
and lotal dissolvcd phosphorous (if ncedcd) (13, 14), If 
metals are to bc analyzcd, filtcr the sample prior to acid 
prescrvation. For TOC organics, the 61ter matcrial should be 
tcstcd to assurc that it doa not contribute to the TUC- The 
typc or sizc of the 61tcr to bc uxd is not well understood. 
Howcvcr, if results of mctal, TOC or othcr Parametcrs that 
eould bc etfected by solids art: to be eompared, the same 
Cfltcring proccdure mttst be used in each ease- Repeated 
attalytical results should state whethcr the samples were 
6ltcrcd and how thcy wcrc filtcrcd.  

7.8 Shipmcnt and tcccipt of samplcs mttst be coordinatcd 
with thc laboratory to minimiu time in transit All satnples 
for organic analysis (and many other paramcters), should 
arrive at the laboratory within onc day ahcr it is shipped and 
be tttaintaincd at about 4'C with wet ice. The best way to get 
thcm to thc labotatory in good condition is to send them in 
sturdy insulatcd icc chests (coolct5) equippcd with bottle 
dividcts. 24-h couticr scrvice is recommended, if personal 
dclivcry scrvicc is not ptactical. 
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SURFACE WATER AND SEDIlAENT SAMPLE ACQIIISTTION 

1.0 PURPOSE 

This procedure describes methods and equipment commonly used for collecting environmental samples of 
surface water and aquatic sediment either for on-site examination and chemical testing or for laboratory 
analysis. 

2.0 	SCOPE 

The information presented in this SOP is generally applicable to all environmental sampling of surface 
waters (Section 5.2) and aquatic sediments (Section 5.3), except where the analyte(s) may interact with the 
sampling equipment. 

Specific sampling problems may require the adaptation of existing equipment or design of new equipment. 
Such innovations shall be documented and presented in the Sampling and Analysis Plan. 

3.0 	DEFINPFIONS 

Grab Samole - An individual sample collected from a single location at a specific time or period of time 
generally not exceeding 15 minutes. 

Comnosite Sample - A sample col lected over time that typical ly consists of a series ofdiscrete samples which 
are combined or composited. 

4_0 	RESPONSIBILITIES 

Proiect Manager - The Project Manager is responsible for ensuring that project-specific plans are in 
accordance with these procedures, where applicable, orthat other, approved procedures are developed. The 
Project Manager is responsible for development of docunientation for procedures which deviate from those 
presented herein. 

Field Team Leader - The Field Team Leader is responsible for selecting and detailing the specific surface 
water and/or sediment sampling techniques and equipment to be used, and documentingthese in accordance 
with the Sampling and Analysis Plan. It is the responsibility of the Field Team Leader to ensure that these 
procedures are implemented in the field and that personnel performing sampling activities have been briefed 
and trained to execute these procedures. 

SamnlinQ Personnel - It is the responsibility of the field sampling personnel to follow these procedures, or 
to follow documented, project-specific procedures as directed by the Field Team Leader and/or the Project 
Manager. The sampling personnel are responsible for the proper acquisition ofsurface water and sediment 
samples. 
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5.0 PROCEDURES 

Collecting a representative sample from surface water or sediments is difficult due to water movement, 
stratification or patchiness. To collect representative samples, one must standardize sampling bias related 
to site selection; sampling frequency; sample collection; sampling devices; and sample handling, 
preservation, and identification. 

Representativeness is a qual itative description ofthe degree to which an ind ividual sample accurately reflects 
population characteristics or parameter variations at a sampling point. It is therefore an important quality 
not only of assessment and quantification of environmental threats posed by the site, but also for providing 
information for engineering design and construction. Proper sample location, selection, and collection 
methods are importantto ensure that a trulyrepresentative sample has been collected. Regardless ofscrutiny 
and quality control applied during laboratory analyses, reported data are only as good as the confidence that 
can be placed on the representativeness of the samples. 

5.1 	De6ninz the SamnlintT Protrram 

Many factors must be considered in developing a sampl ing program for surface water or sediments including 
study objectives; accessibility, site topography; flow, mixing and otherphysical characteristics ofthe water 
body, point and diffuse sources of contamination; and personnel and equipment available to conduct the 
study. For waterborne constituents, dispersion depends on the vertical and lateral mixing within the body 
of water. For sediments, dispersion depends on bottom current or flow characteristics, sediment 
characteristics (density, size) and geochemical properties(which effect adsorption/desorption). The sampling 
plan must, therefore, reflect not only the mixing characteristics of streams and lakes, but also the role of 
fluvial-sediment transport, deposition, and chemical sorption. 

5.1.1 Sampling Program Objectives 

The objective of surface water sampling is to detennine the surface water quality entering, leaving or 
remaining within the site. The scope of the sampling program must consider the sources and potential 
pathways for transport of contamination to or within a surface water body. Sources may include point 
sources (leaking tanks, outfalls, etc.) or nonpoint sources (e.g., spills). The major pathways for surface water 
contamination (not including airborne deposition are: (a) overland runoff; (b) leachate influx to the 
waterbody; (c) direct waste disposal (solid or liquid) into the water body; and (d) groundwater flow influx 
to the water body. The relative importance of these pathways, and therefore, the design of the sampling 
program, is controlled by the physiographic and hydrologic features of the site, the drainage basin(s) which 
encompass the site, and the history of site activities. 

Physiographic and hydrologic features to be considered include slopes and runoff direction, areas of 
temporary flooding or pooling, tidal effects, artificial surface runoff controls such as berms or drainage 
ditches (when constructed relative to site operation), and locations of springs, seeps, marshes, etc. In 
addition, the obvious considerations such as the location ofman-made discharge points to the nearest stream 
(intermittent or flowing), pond, lake, estuary, etc., shall be considered. 

A more subtle consideration in designing the sampling program is the potential for dispersion of dissolved 
or sediment-associated contaminants away from the source. The dispersion could lead to a more 
homogeneous distribution of contamination at loworpossiblynondetectable concentrations. Suchdispersion 
does not, however, always readily occur throughout the entire body ofwater, the mixing may be limited to 
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specific flow streams within the water body. For example, obtaining a representative sample of 
contamination from the center of a channel immediately below an outfall or a tributary is difficult because 
the inflow frequently follows a streatn bank with little lateral mixing for sotne distance. Sampling 
altematives to overcome this situation are: (1) move the site far enough downstream to allow for adequate 
mixing, or (2) collect integrated samples in a cross section. Also, nonhomogeneous distribution is a 
particular problem with regard to sediment-associated contaminants which may accumulate in low-energy 
environments while higher-energy areas (main streatn channels) near the soutce may show no contaminant 
accumulation. 

The distribution of particulates within a sample itself is an important consideration. Many organic 
compounds are only slightly water soluble and tend to adsorb on particulate matter. Nitrogen, phosphorus, 
and the heavy metals also may be transported by particulates. Samples will be collected with a representative 
amount of suspended material; transfer from the sampling device shall include transferring a proportionate 
amount of the suspended material. 

The 5rst step in selecting sampling locations; therefore, is to review site history, define hydrologic 
boundaries and features of the site, and identify the sources, pathways and potential distribution of 
contamination based on these considemtions. The numbers, types and general locations ofrequired samples 
upgradient, on site and downgradient can then be identified: 

5.1.2 Location of Sampling Stations 

Accessibility is the primary factor affecting sampling costs. The desirability and utility of a sample for 
analysis and description of site conditions must be balanced against the costs of collection as controlled by 
accessibility. Wading or sampling from a stream bank often is sufficient for springs, seeps, and small 
streams. Bridges or piers are the first choice for Foc.ating a sampling station on a larger'stream or small river, 
they provide ready access and also permit the sampling technician to sample any point across the stream or 
river. A boat or pontoon (with an associated increase in cost) may be needed to sample locations on lakes 
and reservoirs, as well as those on larger rivers. Frequently, however, a boat will take longer to cross a water 
body and will hinder manipulation of the sampling equipment. 

If it is necessary to wade into the water body to obtain a sample, the sampler shall be careful to minimize 
disturbance of bottom sediments and must enter the water body downstream of the sampling location. If 
necessary, the sampling technician shall wait for the sediments to settle before taking a sample. Useofboats 
or wading to collect samples requires the use of U. S. Coast Guard approved personal flotation devices 
(PFDs). 

Sampling in marshes or tidal areas may require the use of an all-terrain-vehicle (ATV). °The same 
precautions mentioned above with regard to sediment disturbance will apply. 

The availabi l ity ofstream flow and sed iment discharge records can be an important considemtion in choosing 
sampling sites in streams. Stteam flow data in association with contaminant concentration data are essential 
for estimating the total contaminant load carried by the stream. If a gaging station is not conveniently located 
on a selected stream, obtaining stream flow data by direct or indirect methods shall be explored. 



Page 5 of 13 

5.13 FrequencyofSampling 

The sampling frequency and the objectives of the sampling event will be defined by the Sampling and 
Analysis Plan. For single-event, site- or area-characterization sampling, both bottom material and overlying 
water samples shall be collected at the specified sampling stations. If valid data are available on the 
distribution of the contaminant between the solid and aqueous phases it ntay be appropriate to sample only 
one phase, although this often is not recommended. If samples are collected primarily for monitoring 
purposes, consisting of repetitive, continuing measurements to define variations and trends at a given 
location, water sathples shall be collected at established and consistent intervals, as specified in the Sampling 
and Analysis Plan (often monthly or quarterly), and during droughts and floods. Samples ofbottom material 
shall be collected from fresh deposits at least yearly, and preferably during both spring and fall seasons. 

The variability in available water quality data shall be evaluated before deciding on the number and 
collection frequency of samples required to maintain an effective monitoring program. 

5.2 	Surrace Water Samnle Collection 

This section presents methods for collection of samples from various surface water bodies, as well as a 
description of types of surface water sampling equipment. The guidance in this section should be used to 
develop specific sampling procedures based on site conditions and investigation goals. A summary of 
sampling techniques and procedures is given in Section 5.2.5. 

5.2.1 Streams, Rivers, Outfalls and Drainage Features (Ditches, Culverts) 

Methods for sampling streams, rivers, outfalls and drainage features at a single point vary from the simplest 
of hand sampl ing procedures to the more sophisticated multi-point sampling techniques known as the equal- 
width-increment (EWI) method or the equal-discharge-increment (EDI) method. 

Samples from di fferent depths or cross-sectional locations, collected during the same sampling episode, shall 
be composited. However, samples collected along the length of the watercourse or at different times may 
reflect differing inputs or dilutions and therefore shall not be composited. Generally, the number and type 
of samples to be collected depend on the rivet's width, depth, discharge, and amount ofsuspended sediment. 
With a greater number of individual points sampled, it is more likely that the composite sample will truly 
represent the overall characteristics of the water. 

In small streams less than about 20 feet wide, a sampling location can generally be found where the water 
is well mixed. In such cases, a single grab sample taken at mid-depth in the center of the channel is adequate 
to represent the entire cross-section. 

For larger streams greater than three feet in depth, two samples at each station shall be taken from just below 
the surface, and just above the bottom. 

5.2.2 Lakes, Ponds and Reservoirs 

Lakes, ponds, and reservoirs have a much greater tendency to stratify according to physical or chemical 
differences than rivers and streams. The relative lack of mixing requires that more samples be obtained. 
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The number of water sampling locations on a Iake, pond, or impoundment will vary with the size and shape 
of the basin. In ponds and small lakes, a single vertical composite at the deepest point may be sufficient. 
Similarly, the measurement of DO, pH, tempereture, eta, is conducted on each aliquot of the vertical 
composite_ In naturally-fotmed ponds, the deepest point may have to be determined empirically; in 
impoundments, the deepest point is usually near the dattt. 

In lakes and larger reservoirs, seveml vertical gtab samples shall be co¢tposited to fortn a single sample. 
These vertical samples often are collected along a transect or grid. In some cases, it may be of interest to 
fonn separate composites of epilimnetic and hypolimnetic zones. In a stratified lake, the epilimnion is the 
thermocline which is exposed to the atmosphere. The hypolimnion is the lower, 'confined" layer which is 
only mixed with the epilimnion and vented to the atmosphere during seasonal "overhtrn" (when density 
stratification disappears). These two zones may thus have very different concentrations of contaminants if 
input is only to one zone, if the contaminants are volatile (and therefore vented from the epilimnion but not 
the hypolimnion), or if the epilimnion only is involved in short-term flushing (i.e., inflow from or outflow 
to shal low streams). Normally, however, a composite sample consists of several vertical samples collected 
at various depths. 

As it is likely that poor mixing may occur in lakes with irregular shape (with bays and coves that are 
protected from the wind), separate composite samples may be needed to adequately represent water quality. 
Similarly, additional samples are recommended where discharges, tributaries, land use characteristics, and 
other such factors are suspected of influencing water quality. 

Many lake measurements now are made in-situ using sensors and automatic readout or recording devices. 
Single and multi-parameter instruments are available for measuring temperature, depth, pH, oxidation- 
reduction potential (ORP), specific conductance, dissolved oxygen, some cations and anions, and light 
penetration.  

5.23 Surface Water Sampling Equipment 

The selection of sampling equipment depends on the site conditions and sample type re,quired. The most 
frequently used samplers are: 

• 	Dip sampler 
• 	Weighted bottle 
• 	Kemmerer 

The dip sampler and the weighted bottle sampler are used most often. 

The criteria for selecting a sampler include: 

• 	Disposable and/or easily decontaminated 
• 	Inexpensive (if the item is to be disposed of) 
• 	Ease of operation 
• 	Nonreactive/noncontaminating - Teflon-coating, glass, stainless steel or PVC sample 

chambers are preferred (in that order) 
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Each sample (grab or each aliquot collected for compositing) shall be measured for: specific conductance; 
temperature; pH; and dissolved oxygen (optional) as soon as it is recovered.  These analyses will provide 
information on water mixing/stratification and potential contamination. 

5.2_3.1 Dip SamalinQ 

Water often is sampled by filling a container, either attached to a pole or held directly, from just beneath the 
surface of the water (a dip or grab sample). Constituents measured in grab samples are only indicative of 
conditions near the surface of the water and may not he a true representation of the total concentration that 
is distributed throughout the water colunm and in the cross section. Therefore, whenever possible it is 
recommended to augment dip samples with samples that repn:sent both dissolved and suspended constituents, 
and both vertical and horizontal distributions. Dip sampling often is the most appropriate sampling method 
for springs, seeps, ditches, and small streams. 

5.2.3.2 Weiehted Bottle Samoline 

A grab sample also can be taken using a weighted holder that allows a sample to be lowered to any desired 
depth, opened for filling, closed, and returned to the surface. This allows discrete sampling with depth. 
Several of these samples can be combined to provide a vertical composite. Altematively, an open bottle can 
be lowered to the bottom and raised to the surface at a uniform rate so that the bottle collects sample 
throughout the total depth and is just filled on reaching the surface. The resulting sample using either method 
will roughly approach what is known as a depth-integrated sample. 

A closed weighted bottle sampler consists ofa stopped glass or plastic bottle, a weight and/or holding device, 
and lines to open the stopper and lower or raise the bottle. The procedure for sampling is as follows: 

• 	Gently lower the sampler to the desired depth so as not to remove the stopper prematurely 
(watch for bubbles). 

• 	Pull out the stopper with a sharp jerk of the sampler line. 

• 	Allow the bottle to fill completely, as evidenced by the absence of air bubbles. 

• 	Raise the sampler and cap the bottle. 

• 	Decontaminate the outside ofthe bottle. The bottle can be used as the sample container (as 
long as original bottle is an approved container). 

5.2.3.3 Kemmerer 

If samples are desired at a specific depth, and the parameters to be measured do not require a Teflon coated 
sampler, a standard Kemmerer sampler may be used. The Kemmerer sampler is a brass, stainless steel or 
acrylic cylinder with rubber stoppers that leave the ends open while being lowered in a vertical position to 
allow free passage of water through the cylinder. A`messenger" is sent down the line when the sampler is 
at the designated depth, to cause the stoppers to close the cylinder, which is then raised. Water is removed 
through a valve to fill sample bottles. 
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5.2d Surface Water Sampling Techniques 

Most samples taken during site investigations are grab samples_ Typically, surface water sampflng involves 
immersing the sample container directly in the body of water. The following suggestions are applicable to 
sampling springs, seeps, ditches, culverts, small streams and other relatively small bodies of water, and are 
presented to help ensure that the samples obtained are representative of site conditions: 

• 	The most representative samples will likely be collected from near mid-stream, the center 
of flow in a culvert, etc. 

• 	Downstream samples shall be collected first, with subsequent samples taken while moving 
upstream. Care shall be taken to minimize sediment disturbance while collecting surface 
water samples. If necessary, sediment samples shall be collected after the corresponding 
surface water sample. 

• 	Samples may be collected either by immersing the approved sample container or a glass or 
nalgene beaker into the water. Sample bottles (or beakers) which do not contain 
preservatives shall be rinsed at least once with the water to be sampled prior to sample 
collection. 

• 	Care shall be taken to avoid excessive agitation of the water which may result in the loss of 
volatile constituents. Additionally, samples for volatile orgaitic analyses shall be collected 
first, followed by the samples for other constituents. 

• 	Measurements for tempemture, pH, specific conductance, or other field parameters, as 
appropriate, shall be collected - immediately following sample collection for laboratory 
analyses. 

• 	All samples shall be handled as described in SOP F301. 

• 	Thesamplinglocationshallbemarkedviawoodenstakeplacedatthenearestbankorshore. 
The sampling location number shall be marked with indelible ink on the stake. 

• 	The following information shall be recorded in the field logbook: 

> 	Project location, date and time. 
> 	Weather. 
> 	Sample location number and sample identification number. 
~ 	 Flow conditions (i.e., high, low, in flood, etc.) and estimate of flow mte. 
> 	Visual description of water (i.e., clear, cloudy, muddy, etc.). 
> 	On-site water quality measurements. 
> 	Sketch of sampling location including boundaries of water body, sample location 

(and depth), relative position with respect to the site, location of wood identifier 
stake. 

> 	Names of sampling personnel. 
> 	Sampling technique, procedure, and equipment used. 
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General guidel ines for col lection of samples from larger streznu, ponds or other water bodies are as fol lows: 

• 	The most representative sarrtples are obtained from mid-channel at mid-stream depth in a 
well-mixed stream. 

• 	Forsamplingrunningwater,itissuggestedthatthefarthestdownstreamsamplebeobtained 
first and that subsequent samples be taken as one works upstream. Work may also proceed 
from zones suspected of low contamination to zones of high contamination. 

• 	It is suggested that sample containers which do not contain preservative be rinsed at least 
once with the water to be sampled before the sample is taken. 

• 	To sample a pond or other standing body of water, the surface area may be divided into 
grids. A series of samples taken from each grid is combined into one composite sample, or 
several grids are selected at random. 

• 	Care should be taken to avoid excessive agitation of the water that would result in the loss 
of volatile constituents. 

• 	When obtaining samples in 40 mi septum vials for volatile organics analysis, it is important 
to exclude any air space in the top of the bottle and to be sure that the Teflon liner faces 
inward. The bottle can be turned upside down to check foir air bubbles after the bottle is 
filled and capped. 

• 	Do not sample at the surface unless sampling speci5cally for a known constituent which is 
immiscible and on top of the water. Instead, the sample container should be inverted, 
Iowered to the approximate depth, and held at about a 45-degree anglewith the mouth ofthe 
bottle facing upstream. 

• 	Measurements for temperature, pH, specific conductance, or other field parameters, as 
appropriate shall be collected immediately following sample collection for laboratory 
analysis. 

• 	AII samples shall be handled as described in SOP F301. 

• 	Items to be recorded in the Field L.ogbook are the same as those described above for small 
streams. 

53 	Sediment Samsline 

Sediment samples usually are collected at the same locations as surface water samples. Ifonly one sediment 
sample is to be collected, the sample location shall be approximately at the center of the water body. If, 
however, multiple samples are required, sediment samples should be collected along a cross-section to 
characterize the bed material. A common procedure for obtaining multiple samples is to sample at quarter 
points along the cross-section of flow. As with surface water samples, sediment samples should be collected 
from downstream to upstream. 
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53.1 Sampling Equipment and Techniques 
	 i > 

A bottom-material sample may consist ofa single scoop or core or may be a composite of several individual 
samples in the cross section. Sediment samples may be obtained using on-shore or off-shore techniques. 

When boats are used forsatnpling, PFDs must be provided and two individuals tnust undertake the sampling. 
An additional person shall remain on-shore in visual contact at all times. 

The following sam`plers may be used to collect bottom materials: 

• 	Scoop sampler 
• 	Dredge samplers 
• 	Bucket/ttattd auger 
• 	Stainless steel spoon or trowel 
• 	Hand-held coring instrument 

5.3.1.1 Scoon Sampler 

A scoop sampler consists of a pole to which a jar or scoop is attached. The pole may be made of bamboo, 
wood or aluminum and be either telescoping or of fixed length. The scoop or jar at the end of the pole is 
usually attached using a clamp. 

If the water body can be sampled from the shore or if it can be waded, the easiest and °cleanest" way to 
collect a sediment sample is to use a scoop sampler. This reduces the potential forcross-contamination. This 
method is accomplished by reaching over or wading into the water body and, while facing upstream (into the 
current), scooping in the sample along the bottom in the upstream direction. It is very difficult not to disturb 
fine-grained materials of the sediment-water interface when using this method. 

5.3.12  Dredees 

Dredges are generally used to sample sediments which cannot easily be obtained using coring devices (i.e., 
coarse-grained or partially-cemented materials) or when large quantities ofmaterials are required. Dredges 
generally consist of a clam shell arrangement of two buckets. The buckets may either close upon impact or 
be activated by use of a messenger. Most dredges are heavy (up to several hundred pounds) and require use 
of a winch and crane assembly for sample retrieval. There are three major types of dredges: Peterson, 
Eckman and Ponar dredges. 

The Peterson dredge is used when the bottom is rocky, in very deep water, or when the flow velocity is high. 
The dredge shall be lowered very slowly as it approaches bottom, because it can force out and miss lighter 
materials if allowed to drop freely. 

The Eckman dredge has only limited usefulness. It performs well where bottom material is unusually soft, 
as when covered with organic sludge or light mud. It is unsuitable, however, for sandy, rocky, and hard 
bottoms and is too light for use in streams with high flow velocities. 

The Ponar dredge is a Peterson dtedge modified by the addition of side plates and a screen on the top of the 
sample compartment. The screen over the sample compartment permits water to pass through the sampler 
as it descends thus reducing the °shock wave" and permits direct access to the secured sample without 
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opening the closed jaws. The Ponar dnydge is easily operated by one person in the same fashion as the 
Peterson dredge. The Ponar dredge is one of the most effective samplers for general use on all types of 
substmtes. Access to the secured sample through the covering screens permits subsampling of the secured 
material with coring tubes or Teflon scoops, thus minimizing the chance of inetal contamination from the 
frame of the device. 

53.13 Bucket (Hand) Aueer 

Bucket (hand) augering is a viable method for collecting sediment samples in narrow, intermittent streams 
or tidal flats. Typical ly, a 4-inch auger bucket with a cutting head is pushed and twisted into the ground and 
removed as the bucket is 511ed. The auger hole is advanced one bucket at a time, to a depth speci5ed in the 
project plans. 

When a specific vertical sampling interval is required, one auger bucket is used to advance the auger hole 
to the first desired sampling depth. If the sample at this location is to be a vertical composite ofall intervals, 
fhe same bucket may be used to advance the hole, as well as collect subsequent samples in the same hole. 
However, ifdiscrete grab samples are to be collected to characterize each depth, a new bucketmust be placed 
on the end of the auger extension immediately prior to collecting the next sample. The top several inches 
of sediment should be removed from the bucket to minimize the changes of cross-contamination of the 
sample from fall-in of material from the upper portions of the hole. The bucket auger should be 
decontaminated between samples as outlined in SOP F502. 

5.3.1.4 Stainless Steel Snoon or Trowel 

For loosely packed sediments, a stainless steel scoop ortrowel can be used to collect arepresentative sample, 
in narrow intermittent streams or tidal flats. 	 ' 

Use the scoop or trowel to collect the sample from a desired depth. Remove heavy debris, rocks, and twigs 
before collecting the sample. Immediately transfer the sample to the appropriate sample container. Attach 
a label and identi6cation tag. Record all required information in the field logbook and on the sample log 
sheet, chain-of-custody record, and other required forms. 

Hand-held corers are used to obtain vertically representative samples that are relatively undisturbed. They 
can be used in most sediments and are less intrusive that bucket augers. 

The corer is prepared by placing a new eggshell catch into a new plastic liner (rinsed first with site water) 
and insert the liner into the decontaminated stainless steel corer. (Note: an eggshell catch may not be 
required if the sediment is finn enough to remain in the liner). The liner is secured in the corer with a 
decontaminated plastic nosecone. The flutter valve should be checked for ease of movement and to make 
sure it is clear of any obstmctions that could prevent a tight closure. A safety ► ine sufficiently long enough 
to reach the bottom and free of any frayed or wom sections should be attached to the corer. 

Line up the sampler, aiming it vertically for the point where the sample will be collected. Push the core 
sampler in a smooth and continuous movement through the water and into the sediment until the appropriate 
depth is achieved. If the corer has not been completely submerged, close the flutter valve by hand and press 
it shut while the sample is retrieved. Warning: the flutter valve must be kept wet to seal properly. Lift the 
core sampler out of the water. Tilt the sampler in a horizontal manner to prevent the sample from falling out 
ofthe liner. Unscrew the nose cone. Pull the liner out ofthe corer. Remove the eggshell catch, ifused, and 
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extrude the 0 to 4 inch interval of sediment into a clean aluminum pie pan. Collect the samples for volatile 
analysis5rst,usingadecontaminatedstainlesssteelspoon. Homogenizetheremainingsedimentandtransfer 
it into their respective sample jars. Repeat this process until enough sediment is obtained to fill all the 
sample jars. Rinse the sampling equipment with site water before collecting additional sediment from that 
station. 

If the water is shallow, the sediment samples may be collected by pushing a new liner directly into the 
sediment, without inserting it into the corer. Place yourhand (with a clean glove) over the opening ofthe 
liner and remove t`he liner from the sediment Extrude the 0 to 4 inch interval of sediment into a clean 
aluminum pie pan. Collect the samples for volatile analysis ffrst, using a decontaminated stainless steel 
spoon. Homogenize the remaining sediment and transfer it into their respective sample jars. Repeat this 
process until enough sediment is obtained to fill all the sample jars. Rinse the liner with site water before 
collecting additional sediment from that station 

53.2 Sediment Sampling Procedure 

The following general procedure should be used, where applicable, for sampling sediment from springs, 
seeps, small streams, ditches, or other similar small bodies of water. Procedures sampling larger bodies of 
water (i.e., rivers, lakes, estuaries, etc.) should be developed on a project-specific basis, as needed. 

• 	Sediment samples shall he collected only aRer the corresponding surface water sample has 
been collected, if one is to be collected. 

• 	Sediment samples shall be collected from downstream locations to upstream locations. 

• 	Samples shall be collected by excavating a sufficient amount of botfom material using a 
scoop, beaker, spoon, trowel, or auger. Samples should be collected with the sampling 
device facing upstream and the sample collected from downstream to upstream. Care should 
be taken to minimize the loss of 5ne-grained materials from the sample. 

• 	The sample shall be transferred to the appropriate sample containers. Sampling personnel 
shall usejudgment in removing large plant fragments to limit bias caused by bio-organic 
accumulation. 

• 	AII samples shall be handled as described in SOP F301. 

• 	The sampling location shall be marked via a wooden stake placed at the nearest bank or 
shore. The sample location number shall be marked on the stake with indelible ink. 

• 	The following infortnation shall be cecorded in the Field Logbook: 

> 	Project location, date and time. 
> 	Weather. 
~ 	 Sample location number and sample identification number. 
> 	Flow conditions. 
> 	Sketch of sampling location including boundaries of water body, sample location, 

water depth, sample collection depth, relative position with respect to the site, 
location of wooden identifier stake. 
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Chemical analyses to be performed. 
Description of sediment (refer to SOP F001). 

6.0 QUALTTY ASSURANCE RECORDS 

The description of the sampling event in the field logbook shall serve as a quality assurance record. Other 
records include chain-of-custody and sample analysis request forms as discussed in SOP F302. 

7.0 REFERENCES 

1. Feltz, H. R., 1980.  Significance of Bottom Material Data in Evaluatine Water Ouality in  
Contaminants and Sediments . Ann Arbor, Michigan, Ann Arbor Science Publishers, Inc., V. l, p. 
271-287. 

2. Kittrell, F. W., 1969.  A Practical Guide to Water OualitV Studies of Streams . U.S. Federal Water 
Pollution Control Administration, Washington, D.C_, 135p. 	 _ 

3. U.S. EPA, 1991.  Standard OoeratinQ Procedures and Ouality Assurance Manual . Environmental 
Compliance Branch, USEPA Environmental Services Division, Athens, Georgia. 

U.S. Geological Survey, 1977.  Idaticnal Handbook of Recommended Methods for Water-Data  
Acguisition . Office of Water Data Coordination, USGS, Reston, Virginia. 
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TEST PIT AND TRF.NCH EXCAVATION 

1.0 PURPOSE 

The purpose of this procedure is to provide general reference information and technical guidance on the 
excavation of exploratory test pits and trenches. 

2.0 	SCOPE 

These procedures provide overall technical guidance and may be modified by site-specific requirements for 
field exploratory trenches and test pits. Conditions which would make trench excavation difficult (such as 
a shallow water table), dangerous (presence of explosive materials or underground utilities) or likely to cause 
environmental problems (such as potential rupture of buried containerized wastes), will require modifications 
to the procedures presented herein and may prevent implementation ofthe exploratory excavation program. 
Furthermore, the costs and difficulties in disposing ofpotentially hazardous materials removed from the test 
pits may constrain their use to areas where contamination potential is low. Consequently, the techniques 
described herein are most applicable in areas of low apparent contamination and where potentially explosive 
materials are not expected to be present. 

3.0 	DEFINTTIONS 

Trench  - Trench means a narrow excavation (in relation to its length) made below the surface ofthe ground. 
In general, the depth is greater than the width, but the width of a trench (measured at the bottom) is not 
greater than 15 feet. If forms or other structures are installed or constructed in an excavation so as to reduce 
the dimension measured from the forms or structure to the side ofthe excavation to 15 feet or less (measured 
at the bottom of the excavation), the excavationis also considered to be a trench (definition from  Federal  
Register, Vol. 54 No. 209, Tuesday, October 31, 1989,29 CFR Part 1926 Occupational Safety and Health 
Standards - Excavations; Final Rule) (see Attachment A). 

Test Pit  - A test pit is a small excavation made below ground surface to characterize soil type and quality 
as wel I as determine the types of wastes buried. In general, a test pit is dug using a backhoe with dimensions 
measured as follows: 

W idth - 	Typically two to three backhoe buckets wide 
Length - 	Typically five to 10 feet long 
Depth - 	Typically to top of water table or one to two feet below base of fill material 

4.0 	RESPONSIBILITIES 

Proiect Mana er  -]t is the responsibility of the Project Manager to ensure that field personnel responsible 
for trench and test pit excavation are familiar with these proeedures. It also is the responsibility of the 
Project Manager to ensure that all appropriate documents (i.e., Test Pit Logs) have been completely and 
correctly filled out by the field inspector. 

Field Team Leader  - The Field Team Leader is responsible for the overall supervision of all test pit and 
trenching activities, and for ensuring that each test pit is properly and completely logged by the field 
inspector. It also is the responsibility ofthe Field Team Leaderto ensure that all field inspectors have been 
briefed on these procedures. 
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Field Insnector - The Field Inspector is responsible for the direct supervision of test pit and trenching 
activities. It is the Field Inspector's responsibility to log each test pit, document subsurface conditions, 
complete appropriate fonns, and to direct the test pit or trenching activities. 

5.0 PROCEDURES 

The procedures for test pit sizes, health and safety considerations, sampling, and backfilling are discussed 
in the fol lowing sections. Regulation for trench excavation, including trench sizes are given in the Tuesday 
October 31, 1989'edition of the Federal Reeister, 29 CFR Part 1926, "Occupation Safety and Health 
Standards - Excavations; Final Ru1e" (Attachment A). 

	

5.1 	Test Pit Sizes 

Test pits and trenches permit detailed exploration ofthe nature and contamination of in-situ materials, and 
the characteristics and stratification of near surface materials. The size of the excavation will depend on: 

• 	Purpose and extent of the exploration. 
• 	Space limitations imposed by site conditions (i.e:, proximity to buildings, utilities, etc.). 
• 	Contaminants present and the potential for release to the environment. 
• 	Stability of the materials being excavated. 
• 	Capabilities and limitations ofthe excavating equipment. 

Test pits normally have a width ranging from two to ten feet or greater, depending on the objectives of the 
excavation and the equipment used. Test trenches are elongated test pits, usually three- to six-feet wide and 
extending for any desired length. 

Standard equipment (i.e., backhoe) is readily available to excavate to depths of up to about 15 feet. However, 
larger and deeper excavations may be required. Standard equipment can be used to excavate deeper than 
their nominal limits by stepping or benching the excavation. 

	

5.2 	Health and Safetv Considerations 

Care must be taken by all on-site personnel during every phase of the test pit or trench excavation operation 
to avoid possible chemical and physical harards. Chemical hazards may occur from direct exposure to 
excavated wastes or inhalation ofvolatilized materials. Physical hazards include the possible collapse ofthe 
trench or test pit, possible injury through violent contact with excavation equipment, or explosion or other 
forceful reaction upon contact with utilities exposed drums or other wastes. 

AII test pit and trench excavation activities must be carefully detailed in the site-specific Health and Safety 
Plan which will specify all precautions to be observed relative to possible chemical or physical hazards 
associated with these operations. Respiratory and personal protective equipment to be wom by all on-site 
personnel involved in excavation operations also will be specified in this document. 

At locations where access is not restricted, a safety zone shall be established around the excavation. 
Additionally,personnelshould,NOTunderanycircumstances,entertheexcavation. Prior written approval 
and procedures as specified in the Sampling and Analysis Plan and the project Health and Safety Plan, are 
required if entry into the excavation is to be considered. Additionally, a Site Health and Safety Officer 
familiar with excavations shall be on site and shall direct the entry procedures. 
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5.3 	LoQeinQ and Sampline 

Test pits and/or trenches shall be logged and sampled by the Field Inspector. Soils shall be classified and 
described in accordance with the procedures given in SOP F101. Test Pit Records (Attachment B) shall be 
legibly completed for all test pits. Samples shall only be collected from material in the equipment bucket, 
or from the pile of excavated materials. The excavation shall NOT be entered for the purpose of collecting 
samples. 

5.4 	BackfillinQ 

Backfilling of trenches and test pits is a normally accepted practice to reduce immediate site hazards and 
minimize the potential for rainwater accumulation and subsequent contaminant migration. 

After inspection and completion of the appropriate test pit logs, backfll material should be retumed to the 
pit under the direction of the field inspector. Any hazardous and/or waste materials which are not retumed 
to the excavation as backfill must be collected and properly disposed. If a low permeability layer is 
accidentally penetrated, or if a soil layer containing substantial quantities of contaminants is encountered, 
backfill material must consist ofa soil-bentonite mix. The mix should be prepared in a proportion specified 
by the field inspectorand should be covered by "clean" soil and graded tothe original land contour. Where 
it is safe to do so, the backhoe bucket should be used to compact each one to two-foot layer of backfill as 
it is placed, to reduce settling and compaction. The test pit cover should be inspected and further regraded, 
if necessary after settling has occurred. 

The following procedures apply to the excavation and backfilling of a typical test pit. Note that if a 
subcontractor is procured to perform the test pi t  operations, the subcontractor must provide both an 
equipment operator and a supervisor: - - 

• 	The positions of the test pits shal I be located in the field by the Field Team Leader. 

• 	Utility clearance shall be obtained for all test pit locations prior to excavation. 

• 	Excavation equipment shall be thoroughly decontaminated prior to and after each test pit 
excavation (see SOP F501 and SOP F502). 

• 	A safety, zone shall be established around the test pit location prior to initiation of 
excavation activities. 

• 	Excavation shall commence by removing lifts of no more than approximately6 to 12 inches 
of soil. 

• 	The Field Inspector shall log the test pit soils and record observations on a Test Pit Record. 
Additionally, the test pit cross-section shall be sketched in the Field Logbook with notable 
features identified. 

• 	If applicable, soil or waste samples shall be collected either from the backhoe bucket or 
from the pile of excavated materials following SOP F102. 
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TEST PTI' RECORD 

PROIECT: 
TEST PIT NO.: 

COORDINATES: EAST: 
SURFACE ELEVATION: 
WEATHER: 
REMARICS: 

DEFINITIONS  
HNu = Photoioniution Dctector Reading 	Lab. Class. = USCS (ASTM D-2487) or AASHTO (ASIM D-3282) 
OVA = Organic Vapor Analy7cr Reading 	Lab. Moist = Moisture Content (ASTM D-2216) Dry Weight Baazis 

Depth Samp. HNu or Lab Lsb. 
Visual Dcscription 

(fl.) Type OVA ( 	m) Class. MoisL 
(Principal Constiturnts, Gradation, Color, Moisture Content, Elevation 

Field Hcad- and (°~̂ ) Organic Contcnt, Pla.sticity, and Other Observations) 
No. ace 

I 

2 

3 

4 

5 

6 

7 

8 

9  

10 

ll 

12 

13 

14 

15 

16 

17 

18 

19 

20 

CONTRACTOR: 
	

BAKER REP.: 

EQUIPMENT: 	 TEST PIT NO  -  
SHEET l OF I 
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5.5 	Test Pit Ezcavation Procedures 

• 	Test pit depths (and water levels) may be measured using an engineers rule (suc foot) or a 
weighted measuring tape. 13epths shall be measured from the ground surface. 

® 	Upon completion, test pits shall be immediately backfilled as described in Section 5.4. 

® 	Test pit locations shall be marked with five wooden stakes; one at each corner and one in 
the centei. The test pit number shall be recorded on the centrally located stake. 

• 	If applicable, the test pit will be surveyed by a registered land surveyor or measured and 
referenced to nearby permanent site structures (i.e., buildings, curbs, fences, etc.). 

6.0 QUALITY ASSURANCE RECORDS 

The Quality Assurance Records that should be prepared include Test Pit Records and the Field Logbook. 

7.0 REFERENCES 

OSHA , 1989. Occupational Safetv and Health Standards - Excavations; Final Rule. 29 CFR Part 1926. 





ATTACI➢MENT A 

OSI3A - EXCAVATIONS, FINAL RULE 
29 CFR PART 1926 
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(li) Inst®llatfon of a svpport ryet-In 
hall be doae}y coordlm ted .rtth the 

tvatSon of bcncbm- - 
~ Sfoping and bcndung eys/cros. 

ryees ahall not b® permlmd tn 
on the facu of doped or bencL<d 

e xcavetione at levele above otbcr 
employees except whcn cmplayees at 
the lower levels are adequatdy 
protected from the hazard of faltin& 
rolling or slJding meterial or equipmenl. 

(g) Shield ayctems--(1) Cencral (i) 
Shield eystems ahall not be eubjected to 
loadn exceedin8 those which the system 
wes deaigncd to withatnnd. ' 

(i3) SLields eball be Inetelled In a 
manner to restrict latefal or uther  
hazardoua movement of the abield fn the 
event o( the npplication of sudden 
lateralloads. 

(iii) Fmployeea shall be prolected 
from the hazard of eave-lns when 
entering or ~dtiztg the areas proteded 
by ahielde. 

(iv) P.mployees sbaIl not be nIIovred tn 
ahie)da when ahlelda are being matalled. 
removed, or moved vertical(y. 

(z) Addltional reqturemest for slueld 
systems used in trench ezcavations. 
Zccavations of eartb matesial to a lecel 
not greater than z feet (.Bl m) below the 
bottom of a ehield ahall be permitteii 
but onty if the ahield is de-aigned to 
resist the forces calcvlated for the full 
'nth of the trench, and there are no 

ications while the trench ia open oI a 
ible loes of soil from behind or 
w the bottnm of the shic1d.  

Appendix A tn Subpart P 

Sof! Claxificaoon 
(a) Scope on3 opplicafior>—(1) Stope. Thiu 

eppendix deem-bes n method of c[nseifying 
wJ and rotk depoaita beaed on rite and 
environmental conditiona, and on the 
rwcture and eompoeition of the earth 
depositi The append'u eontains de5nitioar. 
ceta fortS rcquiremcnta; ®d desmibes 
ecceplsble visual and manuel tnta for use In 
clnssifying soils. 

(2) APPliCarioa Thia append -u epp:iea 
when a aloping or benrhing aystcm ia 
dcsigncd in accordance vritb the 
re4uuementa aet forth in [ lfize86z(b)(2) u a 
method of protectioo for empbyeea tiom 
r~ve-ina_ Thia appendbr alao appties wben 
t_mbv ahoring for exeavations ia deaigned es 
a metbod of protection from eeve-Ins in 
accordance with appendix C m aeupart P o[ 
psrt 1C78 and wben alnminma hydnolit 
,horing is dnigned in aecordanct witlt 
aPPeodix D.'[hCs Append -vc also applio if 
otbar protectfve systema an designed and 
sticctcd for uae from deta prepered in . 
accordance witb t6e requitcments xt [orthin 
{ 1928 .7fe), and tba use of the deta is 
prediuted oo the u.c of the wil da>eification 
systcm rct forth in thi. apprndix- 

(b) Definiriond Tbe defmitioos and 
'tamples gfvm below are ba~d om fn wbok 

'. in part the followutg Amcrican Socicry t 

Tcsriog &(.tcrl.la (lLS1M) Staadetd. Dos}-ttT 
and D2,t6a: T6e Um6ed So:le Qe..iButfm 
Systcm 71e US Drpwmar of Agl<oltmv 
(USDA)Tcx+msl Cla.vi5®tbn Scbma: and 
The Netional Bureea of Standuda Rr~ 

B5.~1z1 
camenWd soil mcnaa a aoil ln which tha 

putidcs are beM togctLrt by a cbemicd  
ageat snrh as cafdum rsrbo~ ta vuch thet a 
band-airc . emple ca ~mot be atubcd tolo 
powdez ot mdiv4dual soU perudca by ftoger 
presvc 

Cohenive soil meam clay (ftnn galaed 
soil). or soil with e higb clay eootevt, whirh 
hes eobeaive strength- Cobesivs aoil dus oot 
anmble can b< excJVsled witb vertloal 
sideslopes, and le plestic wbenmofet 
Coheaive roll is bnrd m brcak up whm dry. 
and exbibile signi5aenl robeaiou vrbm 
aubmecgcd- Cobemve soih Inda3e dayvy silC 
sandy day. u7ty day. d+7 ~d ~~y 

Dry aoil mcera aoU that dou not axhibtt 
viaible atgna d mofrtora ooaual. 

Fiasured meane a soU materfal tbal bas • 
tendenry m break aloa~ defmite planes d 
Gacaue with Bule rsnlrtance. or a mafarfal 
that e~cbibits opo a~ctu, rodt as tcnsSon 
axcSu. In an expoaed surlate. 

Cranalarrod meaaa gavd. send. Q silt. 
(coazw gained soB) wttb llttk m no day 
contenL Cramilar soH lua »o mbesiva 
stsengtb. Soma motst ~ula aoila rsbfb[t 
apparent crobeaiod Genaaler sdl eeanW ba 
molded whcn moist aad m~Wca enaily 
w-bcn dry- 

fnyered system meam two or morv 
d -utinctly diSerent wt7 or rocir typu ananpcd 
tn laycra. M~caceoua sc®a m weakmad 
pla~s in rock ar abak ast  .-:.-~~Z~*t  
layexcd- 

Moiat soil meam a rnnditlm in whkh a 
roil loolu aad feels damp. l~iat eobufve aoil 
can enaily be ahapedlnta a ball and rolled 
inlo amall di—eler threnda bafott avmbltng. 
Moist granuter soil thet mutalna aome 
coheeive matexial wfll exhibit atgv of 
coheaioa between partides 

p/artie means e property or a aoil wbk3t 
aUows the soil ro bs defo:sed or moided 
withoul asc41~  or eppr<oebk vol~e 
changn. . 

Somtoted soil mew a sod in which tbe 
voids att blled with watez. Satuntinn docu 
not rtqoir< Bow. Sahuation oc xar 
saturatioa is neceseary for tbe proper use d 
instruments such aa a pockH peneaumetrr oi 
eheer vana 

Sot7da.wJlcotion system muns, for the 
purpoee af tbb snhpazL a metbod of 
utegor'v.'utt{ wil and rock deposits In a 
hiern teby d Stable Rock Iyps A. Type B. 
and Type C in dcveaafqs mdsr d Hability. 

 The cattgoric+ are determined bued oo an 
aoalysis d th< propatfu and performance 
characteriatirs d the depwits md tbe 

~ envlranmentnl eonditiona of axpoau.e. 
Srnbfe rock meam natnral solid minerel 

mattrr that cen be exc~vated w~itL verti®1 
sidesa~ rroWnlntacYwttitauposcd . 

Submetged soil meana sotl wblcb is - 
underweter or sa free .eepiay 	" 

Type A mca~ eobesive eoils wjth an 
uneonfined compreasive anen~,ta ot IS tm 
per aquara foot (taf) (tta kP.) or putn- 
Finmplee of eobeaive soila ee~ c1sy, aihy 

ar day. sandy clay. clay loam and, in wmr 

ucrs. titp day fonm end eendy dry lo®t 
fm.. ..f  eoal. rnch u caltche snd hudpan 
are also caos+dend T7W tirtta..cver. oo wiL 
ls 7)^pc A tt 

(t) Tb+ wB Iv tLcmctE or 
lli) The wi11. wbject to vibretioo bo® 

btevy trat8c pBe d+ivtng or similer efirctr. 
oe 

fiifl Tbe sm7 6®s bcrn prrvtou.ty diano'bc-d: 
or 

(h) Thc soil ie paxt o[ a slopccL laycrcd 
eyslem wherc the layers dip 6rio tbe 
exeavat}on on a stope of foor bortzamal lo 
one vcrtical (411V) oe ggeater, or 

(v) The materfal Is aoblect to other facton 
that would rtquire il to b< claaai6ed as a ku 
etabio meterfal- 

T}-pa B meanr. 
(I) Cobnlva soll witb an nncaofined 

compresatve snenptlt greeter than 0.5 tsf (ta 
I:Pa) bot lus tlun u laf (144 kPa): or 

(Ql Gamtfnr wbaaianleaa sotla lodnding- 
angufar gsvel (sim3lar to cuabed rock), silC 
rtlt loam- sandy loem and, in some esars, . 
s0ty day bam and sandy day loam. 

(iii) Pmtoaaly disturbed soifa exrapt tboee 
wbtch would otherwtsaba claaaed u Type C 
solL 

(lv) So71 tbat mecta the t+aconSnsd 
comprsulre strtngtb oe eeaealatfov 
teqdnm=ta f« Type A. but bt fiaanted'or 
Rib)eC2 to YlbeStiom or 

(v) Dry rock tbai ir aot atablc ar 
(vt7 Matexta! that la part d a aloped. 

Inyercd rystcm whero the leyen dip tnto the 
extsvntion oa a slope lns sreep tbaa fomr 
bodznatal fn noe vvtfcal (4K'lv), be ardy tf 
the lnatrxial woald othewln be daasi8ed as 
lype B. 

7ype C aeass.: 
(i) Cobesfre soo witb m tmcoofiaed 

coropresei.e saengtb of Ob trf (Sa Y.Pe) or 
less: or 

(u) Graadaz so+7s inclod7ag g-nd. scnd. 
end loamy sand: or 

(ii) Submecgcd soil ar roil fzom wfrich 
weterfs bttlysecpmgar 

(iv) Submerged rodc tbat is not stsble oe 
(v) }.taterial ut a slopeti layeted sprtem 

.h<re the lepen dip -nrto tbe excavatlon or a 
slope of fotv borizontal to one •ertfmf 
(41-111I ar sreeper. 

 U:tconfinedcomp:essive:urrtgrAmeans 
tl:e loed per unit arca at whieb a soil vrill fu7 
in compreasion.lt cen be determined by 
laborztory testing, or eatimeled in tbe Geld 
ueing a porJcet penctromelu, by thumb 
penenation teats, and other melbods_ 

Wet aaBmeans soil tbet eootaina 
stgtiScsntly more moisture lbnn moiat soil. 
but in sucb a range of velues tbat cobeaiva 
m:terial wiIl sbmp or begin to now wfaea 
vibrated Cranulu materiaf lhat would 
erzhibil cohuive properties wbee moirt wfll 
lose those cohesive propertiea wl>ea waL 

(c) Bequiremenb—(1) Cfocsificntion of aod 
ond rnrlc depocits. Eacb soil and rock depoait 
ah:11 be dewified by o mmpHent -pusm u 
S:able Rocl. Type A.lype B, or iype C Gm 
aceocdaoca wit6 the deSinitiooe a<t fonb io 
paregraph (b) of tbis appendiz- 

(2) Baaia of rJoesificatlm.7ba 
dassificetioa of the depoafta ab.11 be made 
baaed oa tha rtwlts d et IceH ooa. vi .eal md 
.t ten.l one maoual eoaly.id  SuCh anelyeu 



0 ehe11-6M vaoSacyed by c coucpetent pmsor 
edug wss d=scrtbed k, paxgcpi (d) b.to..- 
or Y o46ss tvmVfrad mntbodraf modl 
dasdAcitloo and tcstiap soch es tSose 
. dopmd by tbe Am.dcc 3oc3jirlac Tastbu 
Matntu4 or tha  
A}ySa3ti` te~cIIUel~sYSfeca. 

(7) Vboa1 aad mmiunl m>~. T. ata.cl  
and ta000a7 aaabnet, so<3i u t6oss o+4X— 
bclay.cccpteble In pazng+ph (dJ of thfs 
appcadtx~ da.n➢ b. deslZo~d +nd cdncted to 
pcvvide suffictent qoantitatfve and 
qoaLtstivm Inlnrmstlon umsy ba neccseary 
to Idmtify p[opa:fy Iha pr°D°rtlos, factoex 
atuf cmdlt5ons clinctlo8 tba daaalfiritloo of 
tba depodti 

(Q La)'arod+y+tams. Tn a layeted Mtoa+. 
the cystem shall ba classt5ed In accoednnce 
with Ib weakest laper.lioxever. a.6 layvt 
may be derrttied IudMdua22y *tbets a mon 
s>zbEe Isya tlesem&x a lesa shbk fiyer. 

(Sl Rectassifirnao.c R cftar cLadfyta8 a 
depo.it. tbe ptopartiaa. 6ctotx or coadltmos 
affrctta: tL dnsa15catlw 	In aoy srsy. ,  
tSe chargcs shatl be avahuted Dy a 
oompeteot por 	23e dnpoalt ahtll - bt 
ts<3s>d8ad u~nettaaaty to rc4ed the 
cbdnged e1zcIIIDStlllcaa  

(d) Aacptable visua/ and aunual tertb_— 
(1) Yaval A"h Vlrual atutysb b 000ductnd 
m detamlx qualltatfv. Infurmatloa 
rcyudlnj tba o«cantfan stts In 	 the 
soll ad)ecent to tha ezuvatloa tha soil 
focminR tha ddee of the open excavatfoa md 
tbe eo{( tykml u samiilas fran axravated 
tvstaatal  

(1) OExmvv snmp(ef of soal that att 
esctvetnd a>73 wA In the aidcs of tba 
ezravsiioo_ Pstlmata the rauge of partScta _ 
l.ic-s md tha telattve amo>mta of the - partfde 
.lsst Soil that b pttn+_nrLly compo.ed of 9ne- 
y.-clned uterlal Is cobesive metcxial. SoN 
ccmpeaad ptlmarfly of con»o-gsined sand 

-or gravel ls gremiler metarial 	- 	. 
(ll) Oboerva so{l u(t Is ezuvate3 Soll thet 

rema'su ht dumpa w(u9 extevated Is 
mhsatm Soil that bteaks uy eutly and does 
mt rLy In dumpa Is ganalu_ 

(u}) Ob.orvv the dde o( the opaned 
excivatlon and the sorface area ad)accnt to 
the esrintio>Z Cndc-like opcnings such at 
mnslro vecks muld tndlatc fisstued 
ma tvsfal. If ncunks of wd ryall ofi a vertScal 
rldi tba wil cotdd ba Hssutcd Smell rpa1L 
uv evtdmc,. of movhg pound md ara 
Indicatlom of potcntfally hssstdow, 
attuatfmx 

(M) Cbarva t9e area ad(acenl b the 
orcavaHoa and tba axcavrtlontba;f for 
avfdaoc-. of eAstlBg nt(I1ty md ot?xs• 
oadsrlitrwad stroctnrss, and to Ideatify 
prv+Looa}y dLtm-bed qt1 - 

(.i Ob.azvr t6n optmcd stde of tbe 
ezuvatlon to Idmltfy laymed ryrt® ,. 
u`'• t^•  layrtnd syvtams tu Idmtffy If tha 
layeis dop. lorrud tha o[cavatloa P~ t7mnte 
the degree of s{ope o[ tla Lyet>_ 

 (v1) Observe the area ad(eecnt to tbe 
ezcavat)on and the ddes of tha opened 
c.sr~~vtbo (or evldooce of eer(iaa wates.  
watnr..eepb>d itum tbe dd.s of the - 
e-uavarion. oe the lomtbn of the leval of tbe 
wetartabls- 	 - 

Ml Qbecrve the uoa edlaccnt to tho 
♦z"rs Ifan .nd th. area within ths 
eav.stloa tor .omoea of rlbratloa thet msy 
eII.ct tSe .tabflltyof the eauvetloo fam 

Ill Fkvooa/ msrc Mauo41 analPb of wtl 
. Onpl.s t. oaoducld ro dctermina 
quantltatln u.n[I u Qealttativ.  propertles 
o%so() and to p~d. mnro Infonsatlon  I. 
ordv to ds..ify sotl pra9erty- 

(1) Plasticijy- Mold a motat or wet aempla 
a( soil tam e bcll end attampt to mll lt lnw 
thtveds as t6tn u K4nrL tn dlameter_ 
QaD.ctve malsrid can ba suooesdufly rotled 
to,to thnads .+f thout rn.mbLfn$ Por euample. 
tf et :cesf a t.ro Incb (SO mml lentlth of 5(.- 
tntdr tbrnd cm be bcld on ooe <nd wtthoat 
tnarto& the wq Is cobeslva 

(II) Dry epanqtA If tbe wll ls dry and 
aamblas on Its o+m or with modente 
pcessuxv tnto Indlvldnal gralaa or (lne 
po.rder, lt fs granular (aay oombf>vtlon of 
grsvvl .and- or dlt). If the sotl ks dry and falls 
lnto dumpa .vhich braak rsp Intn sma33er 
ci,ffips, but tbe ®e11et dumpe cam ouly be 
brokext ap witb dffficdty. It may bs day tn 
auy tombtmtloe.vith grevel sand- or.ilt.lf 
tba dry soil broaks tnto chmtpe whicS do tat 
bteak cp }nto small dumPs md rrhk3 caa 
only be broken wlth dif4milh. and  tLer.r Is ne 
vlsual Indlutloo tha soU te fissarvd. tbe eoU 
may be tmsldered ma$samed 

(ill) Pumb penetrotron TLa Ihmab 
ptnetratlon tart can be ded to estlmate tLr 
unconfined mmptartre atrcgth of mhesfve 
solli f[Lls test fe based on the tbomb  
penetntloo trst desafbed In Ametican 
Sodety for Testing and MetetiaL (AS'IM) 
Standatd designatlon DZteb-'Standard 
Recomm^ded  Pnctice for Dcacrtptlon of 
Sods (Vlsoal--l.lanoal Procedme)-''Iype A - 
sofL wlth m uaconGned comptesslve 
stzength of 1-! hf can be teadtfy lodmted k>y 
tbe thum(z however. they taa be penetteted 
by the tbumb ooly ++ith very great cfiort 
Type C solls w{th m mconCined wmptcsalve 
aheugth of 43 tsf can be ensiiy penetrnted 
sevval incbd by tbe thumb. a»d caa be 
molded by llght fiager p2seure- iLL teet 
abould be condocted on an endlsturbed eoti 
sample. surh aa a larg<dump of spo[L aa 
soon aa pncticeble aAer euavetlon to ke<p 
to a 	th. e5ecta of ezposurx to 
dry[ng lntl~ lf tbe excentlon Is later 
exyosed m wetting Inllurnces (rnln. floodmg). 
tbe cLssl5rttlon of the soil musl be changed 
acrord1n81y- 

(iv) Othcr strartqfh tesb. E.timetes of 
mcon9ned cvm.pn+elve .trcogtb of wIL can 
also be obtalad by ese of a podcet 
penebom<te= or by adag a hend-operated 
sbearvem 

(v) Ihyirtg tesl. 73e baatc purpow of the 
drying test fs lo dlRereatlete betweea 
mbnsln material rAth fLauet tmtluurod 
coheslve materlal and gtxmular toatmlal TLe 
proccdute for the drying test Involvee drytnp 
a sampla of wl( that !a apptoxdmately ow 
tnrS tbfdc (ZS4 ®) md siz Inrbee (1S24 an) 
!n dlamcler mtll Il Is thotoughly dry: 

(A) If tha .nmple develope aecks u it 
drfe4 algnl9cwt 9semva an lodlcated. 

(H) Samplcs that dry Mtbout mddng an 
to be broken by.bnnd.If tvoslderabla force Is 
oecresary m breek a simplc tbe soll hae 
slgatficnnt mbesive malertal mntent. The 
.oll un be dwlfied au a unl3swred 
cohesive metettal and the nnconflned 
enmptrulve .neagth shuuld be determtnod. 

(C) If a rample btcaks eastly by hand. It Is 
eitber a fissutxd cobestve matarlal or s  

qnnvlar metert<L To dlsnngusah bcn.eco tho 
two_ pulvcitia tb4 drted dumys of tbe campla 
by hand or by .trppm8 oa d~ If tha dumps 
do ool ppilvcrirw ea.tly- tt»miL-eitJ 4 
coboslw wlth tl.sum. If lbcy p.Ivqirt 
euily iom vcry sm.11 5'agmeola th< matenel 
ts grcnular. 

Appood(x B to Subpati P 

Sloping and BenchinB 

(e) $rnpe ond appL-cation TMs appendiX 
crontalrv spcaHutloos for doping and 
bcar3lny w6m u.<d u metbods of pntccting 
employees wotking la mtr.antSoos fiom cJva- 
ina Tbe rsquicsmeoh of thls appeodbc apply 
whaa the deslgn of rlopiug and bnnchiva 
protcWva systems Is to be pertormed Fa 
acmrdanra with tha requitcmeats .e! forth !n 

(b) lkfinm-ooc 
Acn+al slepa means the sbpe to whtch m 

ezcavatloo Lcn la exovated. 
Dlstreu mcans that the .a7 Is In a 

muditioa wbar. a nvean Is  hn- ~—:  or ta 
likely m occs. Dlstrc.s !e avfdeaced by wrh 
pbM^^-^•  es the dnelopmevt of fvsuree In 
tba fep of oc ad)arint m m open azmntlom 
tbe subaldance af the .dge of an azcuratlo¢ 
tLe shumping of tuater[el fxom tha face or thr 
bu(gSn= or beaving of mateslat fxom the 
bottom of m actsnHo¢ the rpadtn of 
matelial from tha hca of m azcantlak atth 
nnllt¢g,1e, emeD amomxb of matc4al eur.h 
upebblcl or Httla timnpt o[ malerid •- 
ntdd®1y.eparatlng from tbe fea of m 
excavatloa and tcltkYa; cc t'olling do.-n 3ate 
tSe axmvatloa.- 

Marimom aBowvbfn slope menna tbe 
steepest fndtne d an ezrantloa laoe Hvai b 
ac«ptable forthe mwt fnweble dta 
condltioas aa ptotectlon agalmt cavrFns. and 
1s esptessed u the ntloof botfsoonl 
dista>Ye m vcrticnl tisp.flf:V} 

SAort ertm asporure means a paiod of 
tlme Icsa tbm oc equal m 21 houcs that an 
ezcavation ls opca- 

(c) Repuiremenb—P) Soil da»ifirnUon. 
Soll md rock depodh shall bc daadlied ta 
atcordmce with appendbc A m rubpsrt P of 
pert192Q 

(2) Mazimum allowvbls alope Tbe 
maximom alloweble dope for a wi1 ot cock 
deposil .hall be detetmjned (rom Table B-1 
ofthls appendix. 

(ll Aaoa1 slope. (i)'[Le aclual slope sbell 
not be stetper then the mazimum allmrable 
dope. 

(ul7be actual slope shall be Ittt .teep 
than tbe mudmam alloweble slope. tncen 
therc are dgns of d-u4ess. If that dtuanoo 
oa.wv, the stope sbap be cot badc to m 
actval dope whlrb Is at Icut 54 bothoatal to 
one vM1ca1( W-LIt) Itu steep than the 
mexdmum allowable slope.  

(ful H'hcn  surchugc loads from slaed 
maletial or eqnlpment openting equipmeot. 
or treffie an pt<wnt. a mmpelmt penaa 
sheU dctermina tbe degrce m wh}cb ths 
aGual dope mwt be todoced below tba 

m mudmu allowable slopn and sbatl a.suee 
thsl auch reduction Is achlc.ed. Surc3srge 
lo.ds hom ad(eccnt rtrvctvrct ehdl ba 
evaluatcd In accordance with 11t12>ZR.I(!} 

14) Configorotiona Coofisuntio<u of 
.loptng and bencbtng .ysteme sbeU be-tn 
eccord~ with Fl,guwe Ii-1. 	 - 
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-- 	 Simple Slope—Short Tetm 

L All bearbed extavetlons 20 frot or Iw in depth edall have a maximum - alloweble elope o[ Ya to 7 and msxlmum beoch dlmenalooe ea 
ua.,,- 

Simple Bench 

J 

20' 24ax_ 

ax. 

i 
i 

i 

i 
' 	1 

i 

3/4,  

i 

i ~ 

Multlple Beoch 

7- All uravations 8 lect or less In depth whieb heve unsvpporled verticelly aided lawet pottiona eball bave a meximum veriicsl side o( 
S feet. 



. 	 . 	 , 	. 	. 	. . 	_._ __ _—_ _ ... o  ............. 	-...~cri 

–Unaupported Vertically Sided Lower Portion--Maaimum a Feet In Depth 

All ezcavetions mor< than a fect but not mort than 12 fect fn depth wbicb unsupportcd verticilly ®ided lower portions abeU h®ve e 
manimum rllowable elope of i:l and a ma,dmom vertital side of 755 feet. 

Uuzupported Vertically Sfded I.ower Portion—Max3mum IZ Faet (n Depth 

AII ezcavetiona ?n fcet or Iess in deptS whicb have vcrtically sided lower portioos thet nre rupported or sbielded shall bave e mazimum 
alloweble dope of V.:1_ Tbe support or shizld system muet eatcnd et Icast 18 fncbee ebove the top of tbe verticnl wide- 

Support o.– sh ~e(--st 

i 
ZO'

n.

ght of vertical eide 

Sup(xted or Sllielded Verti~lly Sided Lownr Portioo  

e. AU other simple slope, compound slope, end verticelly sided lower portlon excavatlons ebaU be in eccord®noe witb tbe otbet optiona 
permined undcr f 19ze.0.i2(b)_ 	 -  

 B-7.2 Exc~ vetione Mede in Type B SoB 

1. Afl simplc slope excavetiom  20 fctt or less in deptb sbell hnve e maxlmum aUowable dope of 1:1. 
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O' 

 
t 

Simplc Slope 

L All beochcd exrsvations ?D fect or leas in depth shell heve a msxlmum alloweble slope of 11 aad maxdmum bench dimcnalons as 
uows, 

-- 	I\ 	?hin bench alloved in cohesive soil only. 

I 

20' 9ax 	 ~ I 
. 	/ 

Stugle Benrh 

~ _his bench all-wd in cohesive soil onlv 	~ 
/ 

I 
I 

I 
20'  

I 	 ~ 	 1 

a 	

' 

`C. ~ 	
I' 

I 

Multiple Bench 

3. AII czcavations 2a feet or leea in depth whicb hnve vertically sided lower portions shall be sludded or cupported to a heigbt ai leeet la 
chn ebove the top of ine vcrtical ®ide. All eurb excev®tion' sball bave a maximum allowable slope of 1:1. 
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icst side 

_ 	 Vertically Sided I.ower Portfoo 

4 All other aloped exruvationa ebell be fn eccordance with tbt other oPtiona  permitted In I 1¢211.0S44 

' 	B-13 &ccavetiom Mede in 7Type C Soil 

L All slmple alopa exrnvationa 7D feet or leas in depth shall heve c maximum alloweble alopc of 1551 

20' ;fax_ 	 ~~ tt  

( 	 ~ 1 
l;  

i  lk 

Simple Slope 

i AII cxcavntiom 20 fcct or Icss In depth wMch have vertirslly aided lower porLona shall bc shiclded or rupponed to a hefght at Ieaat 18 
Inrhes abovc the top of the vc:-ticel ride. All such excavetions shall have e mnximum ellowable elop< of 154:1. 

Supoerc or shield sve[em 
r 

I 

=0' Hax.  
t 

I 

~ 

Vnrtical Sided Lower Portion 

31 All other sloped excavationa ahefl be in accordanee w{th the otber optiona permitted in I)S2S0.S2,`bj. 

B-1.1 F~eruvetiom Made ln layered Sofle 

1. All exesvetiona 20 feet or lus lo depth mede In layettd wile abe11 heve e mauimum alloweble slope for each laytr sr rel forth below,l 

(/, - { 

1` 8 , `:ln_ 

Cocnl heig:c o: vcrciral side 



43770 	Federal ReZiater / Vol. 54. No-  209 / Tueoday, ®ctober 31,  1989  1  Rulee  and Regulatione   

a oVEit .a 

C OVEZ A 

1 
C ~ 

1 

C OVER 3 
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/ !rv 

B a f 

t 

A OVtR B 

ZA  
— — ---- — 	 -- _ —.1~ — — 

_ 	 C ~ I 
I~ 

A OVER C 

B ~ 1 

—_-- — 	 -~ --- 1~ — 

' 	 C .~ 1 

B OVER C 

Z. All otber eloped exuvatioru shall ba ln eccordance with the otbcr optiow petmined in 4 197E.0.5Ijbj.  

.., AppaodLx C lo Subpatt P feet (di m) lo depth 71ds appendix muat be syatcros mwt be designed in ccwcdance ..ith 
"wed whrn design of timher thoting the tcquitemente set fort6 in 1 192"s1{b( 

Timber chorlltg fot T}TSches protectivc aystem. ia to be perfo[med in md f 1924-952(c4 	 ' 
(®) Stape.7ble appcodi: contBLu 

a<tordsnce with f 192&652fcM1).Othtt 	_ (b)SoiJCJ®ii/7mtion tn ordee to use the 

utlormetlon thet can be wcd tlmber sbor(ng 
t]mber shoting configuratione: otbcr systoms 
of support sucb aa bydrsulicand pucumattc 

d-4 pro~ ted 1. this appcndic. tbe soil type 

1. provided u e metbod o( protectlon 4om systemc aod other protccti r< ayatcros wch 
or 	In whicli ths cccava tion la made 

tras 	 t . 
Uvp-{pI Ll tKOCSef (66[ d0 n0f CxC-0ed 7D ee alopinQ. bco 	a6iC d~ing 	Idl~. uui brocrin6. mwt first be dcicruuned using the eo+7 
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d..nnvuou mcrhod sct forth ip appendix A 
subp.n P of this part. 
'c) prcxmmoon of fnfonr.atfom 
irmalion is prescnlcd in aeveral forms as 

tow.: 
I Informelion is pmsrntod in tabularform 
ablee C-1.1. 0.12 nnd Cr1-3. and Tsbles 

1~1. Gi2 and C-2_3 following pangraph 
(g) of the append'zx- Fach table presenta the 
minlmum s'v.ea of timber memben to use in 
. ahoring system and each tnble conteina 
data only for the perticular soB type in which 
tbc excevetion or portion of the excavatfon is 
mede. The deta are arrenged to ellow lhe 
wer the Bexibility to select from emong 
seve:al ecceplsble configuretionn of mcmben 
besed oo varying the horizonlal ipadng of 
the aoubraeea- Stcble rock is eacmpl from 
shoring requiremcnb ond therefore. no data 
are preaenttd for this eondition. 

(2) InformaHon concerning the basis of the 
tabular data and th< limitations of the date is 
presented In paragraph (d) of this eppcndix. 
and on the tnbles themselves. 

(3) Infurmation explairung tbe use of the 
tabular deta b presented in pangraph (e) of 
thia appendix. 

(4) Informatlon illustrating lhe use of Ihe 
tabular data is presented in paragraph (!J of 
this appendix. 

(S) MisccBeneow notationa rcgarding 
Tebfea C-1.1 throug'v CriJ cnd Tabin GZ.1 
through G23 are presented in parngnph (g) 
of this Appendiz. 

(d) Basis and limitarione of the dolo.--(I) 
Dimenrions of timber members. (i)13e aizes 
of the timbet memben liated in Teblu G-1.1 
'luvugh G-" are taken from theNational 

reau of Stendards (NBS) reporL 
commended Tcchnical Provisions for 

:intzuction Practice in Shoring and Sloping 
"renche3 and Excavationa: In eddition. 

re NBS did nol recommend spedfic sizes 
.iembera, member sizes ate bascd oo en 

noalyaie of the sizer required for ux by - 
existing codee and on emp'vical practice. 

(ii) The required dimeniona of the 
memben risted in Tebles C-i.l thruugh C-iJ 
refer to actual dimensions nnd not nominel 
dimenaions of the timber. Employen wenting 
to use nominal siz< shoring are directed to 
Tables C-il througL G2J.nr bave this 
choice under { 192E.652(e)(3). end arz  
referred lo The Corpe of Fngineen. The . 
Bureeu of Reelametion or dxta from othet 
ecceplable sourees. 

(2) Lmitotion of application. (i) It is not 
inlended that the timber shoring spcdfit.ation 
apply lo every situstion thel meybe 	- 
cxperfenced in the fie1d. These data wcre 
dcveloped to apply 10 the situaflona that are 
moet commonly ezperienced in cunent 
trtnching praetice. Shoring systems for une in 
siluetiona that ere not eovered by the dala in 
Ihis appendiz muet be designed ea epeci6ed 
in 4 1920.852(c). 

(ii) When any of the following conditions 
erc preeent the memben specified in lhe 
tablea ere not eonsidered adequate. Either an 
eltemele timber shoring syetem musl be - 
deeigned or another rype of protectiva syalem 
deeign<d in eccordentt wtth f 1926.657 

(A) When loedn imposed by vrtocturea or 
by slor<d material edjaeent to lhe trench 

, <igh in exceea of the loed imposed by a 
i>-fool eoil eurcherge.The term  -adjecent -  

sa uaed hare meeru the ar<a wilhin a 
borizontal dislence (rom the cdgc of lhe 
trencL cqual to the depth of the trcnch. 

(B) Whcn veniW loeda imposcd on rsosu 
bncea caceed a 244pound gravity loed 
distributed on < one-foot sectlon of the anter 
of the croubrvice  

(C) When surcharge loads ere presenl from 
equipment weigh{ng in eaceas of 20.IX00 
pounds. 

(D) Whcn only the lower portion of a 
trcnch is shored and the remein:ng portion of 
tbe tnnch ia sloped or benched unless: The 
nloped ponion is aloped at an angle los steep 
Ihan three horizontal to one vertical: or the 
memben ar< selMed &om the tablra for use 
st a depth whfch ia detenxuned fiom the lop 
of the overall trench and not from ll:e toe of 
the sloped portioa 

(e) Use of Tabks. The members of the 
shoring cystem that ate to be selecled wing 
this informetion are the cross braces, the 
uprighla. and the wales. whert welet are 
requircd. Mfnimum sizes of inembers arc 
specified for use in difierent types of soiL 
Tharc arc aiz tab)n of information. two for 
eech soil rype. The wi1 type must fint be 
dctennined in accordance wilh tbe soil 
dasefficetion system desaibed in appendix 
A to subpert P of part 19Z0. Using the 
appmpriate table. the sele<tion of the sizt 
end spadng of the memben Is then m¢de 
The aelection ia based on thddepth and 
wfdth of the trench when the memben are to 
be installed and, in most inetanccs. the 
eelection is elso beecd on the borizontal 
spaang of the rsoesbraccs. Instances wher< a 
choice of horizontal epacing of croaebraring 
ia available. the borizontal apecing of the 
aoasbnces must be chosen by the user 
befqre the siu of any member wn be 

 determined. When theyoil type. the width 
and depth of the nench. and the horizontal 
apecing of the ave3braces ere known. the 
eize and vertical spacing of the Qoesbracee. 
the size end vertical spacing of the walm 
and lhe size nnd horizontal specing af the 
uprighls can be read from lhe eppropriale 
table. 

(f) Esamples to llfustrote the Use of Toblea 
C-1.1 through PLJ. 

(1) Erample 1. 
A trench dug in Typ< A soil is 13 feet deep 

end five feel wide_ 
From Tnble C-1.7. for acceptable 

arrengements of timb<r cen be ueed. 

Arrnngement al 

Space 4 x 4 cosabracn at iuc feel 
borizontally and fout feet vertically. 

Welee arc not requircd. 
Spece 3X6 uprighla at six feet horizontally. 

This emengemenl 4s oommonly called `skip 
shoring' 

Arrongement =2 

Space 4 x6 croenbracn et eight feel 
horizontally and four feet vertically- 

Space 8x0 wales et four feet verticelly. 
 Space2x6uprightsatfourfeet 
horizonlally.  

ilrrungement r:3 
Spece Bx 0 crveebraco at 10 feet 

hornuntally and four feet veaicelly. 
Spaoe BX 10 walts at four fcal vcrticelly. 

Space Zxbupdghb al five feel 
honzonlally. 

Arrongement }-! 

Space 6x6 ausebreces ®t 12 feet 
honzontally end four feel venically. 

Space IOx10 welee at four feet vertically. 
Spaces 3x0 uprighta at siz feel 

horizontally. 

(2)Examp/e Z 
A tranch dug in Tlrye B soil in 13 feet deep 

end five feet wide. From Tsble C-1.2 threc 
accepable enangementb of mcmbern are 
listcd 

Arrangement s'1- 

Space exa Qovbraces at six feet 
honzontally snd five feet vertically- 

Space Bx0 w¢les at five feet vertirally- 
Space 2x6 uprlghte at two feet 

horizonlally. 

Arrottgemcnf 1,2 

Spece ex6 aossbracea at eight feet 
horizontally and five feel vertically. 

Spece SOxlo waln at five feet vertically. 
Space 2X6 uprights at two feet - 

borizontelly. 

Arrcmgement aT 

Space BXB aossbreces at 10 feet 
horizontellyand five fcet vertically_ 

Spaoe 1Ox12weles el five feel ventrally. 
Spnci 2X6 uprights at two feet vertic ~ lly. 
(3) E<ample 1 
A tzench dug in Type C eoil in 13 feet deep 

and tive fcet wide. 
From Teble C-1-3 two acceptable 

arrangements of m<mben ean be used. 

Arrnngement sl 

Spnce Bx0 crossbrscca at six fcat 
horfznntelly and five feet vertically. 

Spect 1OX72 walef el five feet vertically. 
Poeition 2X6 uprighte aa doaely together 

a s poseible. 
If water mwl be retained uee speoial 

tongue and groove uprights to form t4ghl 
sheeting. 

.irrongement =2 

Space 0%10 crossbraces at eighl feel 
horizorHally end five feet venidlly. 
. Space 12xi2 wales at five feet vertically. 

Position 2x0 uprights in a close sheeting 
configutation unless water prezsurc musl be 
resisted. T4ght sheeting must be used where 
wale muat be rctained. 

(4)Fxompfe I. 
A trencft dug in Type C soil is 20 feel deep 

and 11 feet wide. The aize and apacfng of 
memben for the section of trench that is oa.r 
15 feet in depth ia detennined uaing Table C- 
r.3. Only one anengement of inembere ia 
pro.ided. 

Spacc Bx 10 croenbracea at siz feet 
honzontally and 6ve feet venicallv. 

Space 12x12 waln at five feet vertically. 
Uae 3 x 61igh1 sheeting. ' 
Usc of Tablen C-21 thfough G2.3 would 

fcllow the same procedurca. 
(g) Vores for a11 Tabfes. 
t. Mcmber sizen et spacings other than 

mdreated are lo be detcrmined as spee{fied fn 
4 19'0.652 ICI- -DCTgn of PiolaebvT Sy51erC.<.- 
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Z Whrn condi[f~ erc /et~ lcd or 3. A11 apedng indicutcd u mees~d  centcr •hnll oot exr.Kd 42  incbu. MudalUa art. 

•ubmttged usc Tight Sheeting, Tight Shecrfng to tcntet. .+olca Nel cR inlcU<d et the toe uf thc 

Rfm to the use of 	 mbcr e. Walee to bc i+ur•Ucd w'itb ec®ter 
dieorioo horirontaL 

trench /Ide. 
a Trcoth )ec4/ may bc usfdln (ic u  of or in plerilca Icg_ tonguc and grvova) st Icu1 tfuce 

incAes thick. ateel chect pUfnB. or aimll.r S- u l6c ~crticml distence hom 1he center of combination with timber oossbreca 

corietrvction thel wben dttven or placed !n 
Ihe )owe/t cro••brsv to the bottorn of Ihe 
rnnch excceds two and one-half fect 

7. plecement d vwabreces. When the 
ecrtkJl apocvi8 of °°wbfsces ic four feet 

poeitfon pruvide e t(ght wall to re3iet the uprights ebeU be firmly embcdded or • plece the top cros/bnra no mott than two 
I61Cr8I pR)/I]IT OI wBttf 1➢d 10 pRVCOI tb< 

mtld)W eheU be neGd- V✓heri Vp(Ighta arY fCCI belOYl the lOp of lhe trCIIdl. Wh[n Ihe 

lofs olbeckfill meterteL CJose Sheetmg rcfcrs embcdded. the vcrUcsl di/lanc< fiom the ~erticd apecing of ausebrecea Is Fve fcct 
to the plscemnnl of plsnka /Ide-by-side center of the Iowent ansebrece !o the botlom placa 1he lop aos,bnce no moR than 23 fcet 

ellowing ae Uttle rpece ne poeaible betwcen of the IRnch sbaU not exceed b incbae below the top oI the trcnch 

them. Wbcn mudellL aR usecL the verticel diatence ~ 00041 u+o-»-r 
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s-.oendix D to Subpun P 

, inum Nydrou7ic Shorityg for 
hee 

cope. This eppcndlx covte(ns 
i,_ .iation thal un ba u.cd whrn siuminum 
hydrnulic sborrng is provldad as c muthod of 
protccrion vgeinnl ceveaua ln tr<nchcs thet 
do not cxcecd 20 fcct (0.1m) ln dcpth. Thie 
.ppendix must be uecd when design of the 
•luminum hydraulic protectivo synlcm rannol 
be performed in acr-ordnncc wlth 
S 1926052(c)(2)- 

(b) Soi/Classifieotion. In order to une data 
prcaentcd in tbis appendi.c Ihe soil type or 
typcs in whicb the excavation Is made muat 
firet be dttermined uaing the soil 
desnifleation method ret forth in appendix A 
of subpart P of pert 192& 

(c) ftesentation oJlnformobon- 
blforma6on is prexnted in aevual forms ae 
follow= 

(1) Information ia presented in tabular form 
In Tablea D-1.1. D-41. D-11 and Ir1.9-Fsch 
table presents the maximum vertical and 
borizootal spaangs thal may be uaed with 
various alumintrm-member sizes and veriuw 
hydraulie ryl'mder sizes. Ficb teble conteins 
date only for the particvlat wi] type fn which 
the excavation or portlon of tbe cxcevation is 
made. Tabks D-1.1 and D-11 are for vertical 
ahom In Typu A and B soil. Tablee 0.1.3 
and Dl-4 are for horizunta) waler ryatems fn 
Types B and C aofL 	" 

(2) Information eoncerning the baeis of the 
tsbular data and the limitetions of the data is 
pr<sented in pnragrepb (d) of thiv appendix. 

1 1 Informetion explaining the uee of the 
' ,ir deta u pmented in paragraph (e) of 
jpendix_ 
I'nfortnetion illustrating the uee of thc 

. 	r deta L. presented in paregapb (f) of 
u— appendix. 

(5) MisceBaneoun notations (foomotcs) 
regerding Tnble 0.1.1 thmugh D-1.4 are 
presented in paragraph jg) of thfs appendix. 

(0) F'igure>t illusvating typical Installations 
of bydreulic sboring. are inciuded just prior to 
the Tcblea_ The illuenationa pege is entitled 
-Aluminum Hydraulic Shorirtg: Typicsl 
Instellations - 

(d) Basis and limirntions o(rhe data. . 
(1) Vertieaf shore rails andhorizontnl 

wales are those that meet the Secrion 
Modulua requiremenn in lhe U-1 Tables. 
Aluminum material ir 6081-TB or material of 
equivalenl strength and ptoperties. 

(2) Hydraulic cylinden spedfieetiona. (i) 2- 
fnch rylinden ahall be a mirtimum 2-incb 
inside diameter with a minimum safe working 
capacity of no lens than 16000 pounda exial 
compressive load at maximum extension_ 
Maximum extension ie lo fndude full renge of 
cyltnder extensione aa recommended by 
product manufaturer- 

(ii)1-inch cylinden ehaB be e minlmum 3- 
fnch fnside diameter with a safe working 
capealty of not lesa than 30.000 pounds axiel 
compressive loed al exlensions as 
recommended by product manufectur<r. 

(31 fimitetion o(applicatiorc 
6l It is not intended that the aluminum 

hydrnulie speei8otion epply lo every 
eituetion thnt mny bt expenenccd In thc 

'd_Thcae date wtnc developed to.ppl7 to 
~ 	 'itu9tionl that !re mo0t COmmonly 

cxpertcnccd In currcnt trcnching prscucc. 
Shonng vyctcros lor uac in ntuauons th®t arc 
not covcr<d by thc dvts fn rhis oppend)x munl 
Lr othcrwi.c dcetOcd cs epcoficd in 
t t92o.oS2ad- 

(u) Whcn eny oI th< following condnionv 
are prt>ene the membera apccificd in thc 
Tsblca arc not conaidered adequete ln this 
cesa. en eltcmetive aluminum hydraulic 
abonng syntem or othcr rype of pmtcctive 
system mwt be designed in acrordar:ce vrith 
5 l9masz 

(A) When vertical loeds imposed on aoss 
brnccs exceed e loo Pound grnvity load 
dlstributed on a one foot section of the center 
of the hydrsulic cylindec. 

(B) Wben aurchnrge loeds arc present fcnm 
equipment weighing in excess of 20.000 
pounda. 

(C) When only the lowcr portion or a 
trznch ie vhored and the rcmaining portion of 
the trench Is sloped or brndhed unlns:The 
Joped portion is Joped at an angk lens steep 
than tluee horizontal to one vertical: or the 
memben are adccted from the tablen for uae 
vt a depth which is determined from the top 
of the overafl trench and nol from the toe of 
the sloped portion. 

(e) Use oJTobkrD-l.7. D-12 D-1J nnd 
a1.4. lbe memben of the shorfng syslem 
that are to be seledtd using this information 
are the hydreulic cylindem and etth<r the 
veltical abores or the borizontal walez Wbea 
a weler aystem fs used the vertical timbrs 
sheeting to be used is elso selected from 
these tebles. The Tables 0.1.1 and I7-11 for 
vertical shores are used in Type A and B wils 
that do not require sheering.l}ype B soils that 
may require shectirtg. end Type C soils thae 
elwaye requ -ve sheeting ere found in the 
horizontal wale Tablea 0.13 end D-1.4. The 
soil type must fust be determined in 
accordance with the aoifcfessification 
syrtem denaibed in appendi< A to svbpart P 
of part 197A Usirtg (he appropriate uble. the 
selection of the rize end spedng of the - 
mtmben ie made. The selection ie be>cd on 
the depth and width of the trenrh wberr the 
memben are to be imtelled In thex tablet 
tho vertical specing is beld conatant at four 
feet on center. The tebles show the maximum 
horizontal apacing of cylinden allowed for 
eech size of wale in the waier aystem tables- 
and fn the vertical abote tebles. the hydraulic 
cylinder borizontel spacing ie the same as the 
verbrdf af1oK apamng. 

(f) Frumple tu lUuslrote (be Use oJthe 
Tabler 

(1) Ecampte 1: 
A trench dug tn Type A soil is 6 feat deep 

and 1 feet wide. From Table 13-1.1: Fmd 
vertical shorcs and 2 inch diameter cylfnden 
npeaed E feet on center (o.e) hori:omelly and 
4 fttl on cenler (o.c.) vertically. (See Figur<s 
1 3 1 for typical inetellalions.) 

(2) Ecample 2: 
A trench is dug fn Type B soil tbat does not 

rcquire aheeting. 13 feet decp and 5 fe<! w{de- 
FromTable D-l.i: F'md vertical shorn end 2 
inch diamcter cylfndcn rpeced 55 feet o.e 
horizontally end { fecl o.e venirelly. (Sect 
Figurcr 1 a 1 for typ(cat ineu0ations.) 

131 A ncnch is dug in Typc 8 aoH thst do<s 
not require >heeling. but doea experience 
nomc mmor n-xling of the vench fece. The 
trcnch is 16 feet deep ond 9 fect wide From 

Tnblc 0.t2 Flnd veniul shom nnd 21nch 
dumner cylmdar (wlth apccial ovenitcves 
su doignaied by foomofc 92) vpaced 35 fttl 
o a. horizonnlly vnd a feet o.c vertfrapy -  
pll..00d Iper loomote (g)(7I ro the 6-1 Table) 
should be uncd bchiod the nhorcn. (Set 
F:gurzv 2 A] for typiol installationv.) 

14) F~ emple +. A trtnch is dug in prevfously 
dreturbcd Type B coil. wflh dtern[lemlice of 
a Type C soiL and will require ahceting. The 
Uenrh is la feel deep snd 12 feet wide B foot 
boruontel rpaurtg betwcen eylinden is 
dee'ved for worktng apace. Fcom Table 0.1.1: 
f:nd horirnnlal wale wilh a seetion modulua 
of 14.0 spaced at 4 feet o.e vertically and 1 
inch diameler cylinder spaeed at 9 feet 
maximum o.c horizonta lly-1 x 12 timber 

- shteting is rcquirrd at dox spacing 
vervenlly. (See Figure 4 for typieal 
icsnUatioa)  

151 F-lra++tple 5: A trench Is dug in Type C 
aoS 9 feet deep and 4 feet vrid- Horizontal 
cy6ndet apec'utg In eccesa of B feet ls desired 
for woricing rpecc From Table 0.1-4: Fmd 
6orizontal wale with a etctlon tnodulua of 7.0 
nnd 2 inch diameler cyBnden apaced at aS 
feet o.e borizontally.Or. 5nd borizontal wak 
with a 1i0 section modulua and 3 Inch 
diametez eylinder speced at 10Iee1 oz  
borizonteBy. Both wales are spaced 4 feel ot 
vetically. 3X72 timbcr sheeling is required 
at dow spacing verticially. ($ee Fgure 4 for 
typical inelallatiom) 

(g) Footnotee. and genern/ note.s. Jor Tnb/es 
f-l.l. U-I.2 D-7.1 and D-1-4. 

(1) For applications olher than thone Bated 
in the tablm refer to { 192&OS2(c)(2) for rue 
of manufectmcr's tnbulated data. For trenc3 
depths in excess of 20 fteL rtfer to 
4 :92fl652(c)(2) and 61920.e54c)(3)- 

(2) 2 incb diameler cylinderz al this width 
sball Save.structunl steel tube 
(3SX35X0.1875) ovenleeves. ot stiuctural 
o:eraleevee of manufadurers specifiettion. 
ea:ending the fulL eollapsed length. 

(3) Hydraulic cylindcn capacities. (i) 2 inch 
cl::nden shell be a min -unum 2-inrb inside 
Ze~ <ter with a sefe working capec3ty of not 
less than 18.000 pounds aziel compressiva 
Ic<d at maximum extemion- Masimum 
ex:ension is io indude full renge of cylinder 
<v:ensione ar recommended by pruduct 
r_ziufatturer. 

;;i)1-inch c7'linden shnll be a minimum 3- 
ir.c inside diameler with a sefe work 
clpacity of not leaa lhan 30.000 potmds sxial 
co:sprtasive loed at meximum eztension. 
\faamum exlemion is lo include full range of 
cl{inder axteneions as rccommended by 
prcduq menufecturer. 

;a) All apecing indicattd is measnrtd 
cc]terto eanter. 

!S) Vcrticsl nhoring re{b ahall have e 
=:::mum section modulue of 0.40 inch. 

(8) 1Vben venical shorm ere used. thert 
mst b< a minimum of (hree shores spaced 
r_ally. horizontally, in a group- 

t: ( Plywood ahall be 7.125 in. thirJc 
sc. wood or 0.15 inch. th {ck. 14 pty. erctic 
...'.ete birch (Finland form). Please note that 
pilti+ood is not intendcd av a structurel 
member. but only for prevention of locsl 
rr.ehng (slouaAing of the trench faee) 
be^. ecn shorcn. 
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APpcndls E to Subpart P—Atlamativcn tn  Tfmber Shortng 

Figure 1_ Aluminum Hvdriulir Shoring 
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Figure 2. Pneumacic/hydraulic Shoring 
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Figure 4_ Trench Shields 

Figure J. Trench Jacks (Screv Jacks)  
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WASTEWATER SAMPLE ACQUISTTION 

1.0 	PURPOSE 

The purpose of this SOP is to provide general reference information for collecting wastewater samples. 

2.0 	SCOPE 

This procedure provides information for the acquisition of waste water samples. Review of the information 
contained herein will ensure that sample acquisition is properly conducted. 

3.0 	DEFINITIONS 

Sampline Plan - A"plan of action" that guides the implementation of inethods that will lead to achieving 
the plans objective(s). 

Grab Samnle - A sample that is collected at one speciftc sample location at a specific point in time. 

Composite Samnle - A representative sample made up of smaller samples collected from several different 
locations and/or at different points in time. 

Environmental Samole - A sample of naturally occurring materials; soil, sediment, air, or water. 

Waste Samole - A sample comprised of process wastes or other manmade waste material(s)_ 

4.0 	RESPONSIBILITIES  

Proiect Mana2er - The Project Manager is responsible for ensuring that project specific plans are in 
accordance with procedures where applicable, or that other approved procedures are developed. The Project 
Manager is responsible for devetopment ofdocumentation ofprocedures which deviate from those presented 
herein. 

Field Team Leader - The Field Team Leader is responsible for selecting and detailing the waste water 
sample acquisition techniques and equipment to be used. It is the responsibility of the Field Team Leader 
to ensure that these procedures are implemented in the 5eld and to ensure that the Field Investigation 
personnel performing the sample acquisition activities have been briefed and trained to execute these 
procedures. 

Field Investieation Personnel - It is the responsibility of the Field Investigation Personnel to follow these 
procedures or to follow documented project specific procedures as outlined in the Work Plan and as directed 
by the Field Team Leader and Project Manager. The Field Investigation Personnel are responsible for 
documenting all wastewater sampling activities and ambient air monitoring results in the Field Logbook. 
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5.0 PROCEDURES 

This protocol outlines procedures and equipment for the collection of representative liquid samples and 
sediment/sludge samples from standing lakes, ponds and lagoons, and flowing streams, rivers, channels, 
sewers and leachate seeps. 

The collection of samples from these sources presents a unique challenge. Often sampling can be quite easy 
and routine (e.g., collecting a surface water sample from a two-foot deep stream). Other times, the nature 
of site specific conditions may dictate that: 1) special equipment is needed to access the sample, 2) 
appropriate health and safety measures are critical, 3) proper timing is essential due to waste release times 
or tidal fluctuations, and/or 4) wastewater flow rate is a factor for consideration. 

Prior to sample collection, impoundment characteristics (size, depth, flow) should be recorded in the Field 
l.ogbook. Sampling should proceed from downstream locations to upstteam locations so that sediment 
d isturbance (turb id ity) caused by sampling does not affect sample quality. Additionally, if a sed iment sample 
will be col lected at the same location as a liquid sample, the liquid sample must be collected first to minimize 
sample turbidity. 

If the Sampling Plan requires that samples are to be collected from the shore of an impoundment, speci5c 
health and safety considerations must be addressed. The person collecting the sample should be fitted with 
a safety hamess and rope secured to a sturdy, i.mmobile object on shore. Backup personnel should be 
available to assist in sample collection and should be prepared and able to pull the sampler to safety if 
unstable banks are - encountered. 

To more adequately characterize the content and/or quality of an impoundment, samples may be collected 
away from the shoreLne, often at various depths. If ihe content ofthe impoundment is suspected to be highly 
hazardous, the risk to sampling personnel must be weighed against the need to collect the sample. Tfa barge 
or boat is used, each person on the vessel must be equipped with a life preserver and/or lifeline. 

The sampling of liquids in lakes;  ponds, lagoons, streams, rivers, channels, sewers and leachate seeps is 
generally accomplished through the use of one of the folfowing samplers: 

• 	Laboratory cleaned sample bottle 
• 	Pond sampler 
• 	Weighted bottle sampler 
• 	Wheaton dip sampler 
• 	Kemmerer Depth Sampler 
• 	Bacon Bomb Sampler 

The factors that will contribute to the selection ofa sampler include the width, depth and flow ofthe location 
being sampled, and whether the sample will be collected from the shore or a vessel. 

For flowing liquids, tidal influence on the collected sample is an additional concem and should be addressed 
in the Sampling Plan- At a minimum, the stage of the tide at the time of sample collection should be 
recorded. Consideration should be given to sampling at varied tidal stages as well as seasonally. Tidal 
information can be obtained from loca) bait shops, newspaper listings and/or local radio or television news 
reports. 
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Samplers may encounter situations where rate of flow affects their ability to collect a sample. For fast 
flowing rivers and steams it may be nearly impossible to collect a mid-channel sample at a specific point. 
Low flowing streams and leachate seeps present the opposite problem. In these cases the sampler should 
attempt to locate an area where flow is obstructed and a pool is created. If this is not possible, sediment may 
be dug with a decontaminated trowel to create a pooled area where suf6cient liquid will accumulate for 
sampling. 

5.1 	On-Shore 

If the banks are not sloped, sampling personnel may be able to collect the liquid directly into the sample 
bottle. In some instances where access is limited, a pond sampler, by virtue of its extension capabilities, may 
be necessary. For a stream, channel or river, collect the sample at mid-depth. For standing liquid, collect 
the sample from just below the surface or at mid-depth. Once the sample is obtained by sample vessel, 
transfer it directly into the sample bottle. If volatile organic compounds (VOCs) are to be analyzed, fill the 
appropriate sample containers for VOCs first, then 51l sample containers for other chemical analyses. 
Decontamir,ata the sampling device following procedures outlined in the Sampling Plan and/or SOP F502 
before obtaining the next sample. 

5.2 	Off-Shore 

Collect a liquid sample using the sample bottle or decontaminated pond sampler, if necessary. Ifthe liquid 
has stratified, a sample of each strata should be collected. One ofthe depth samplers listed above will allow 
collection of discrete representative liquid samples at various depths. Proper use of the chosen sampling 
device includes slowly lowering and c.areful retrieval ofthe sample, immediate transfer ofthe liquid into the 
appropriate sampling container, and logbook notation ofthe depth at which the sample was collected. After 
collection, the samp6ng device must be decontaminated prior to obtaining the next sample_ 

6.0 QUAiiTY ASSTJRANCE RECORDS 

Quality assurance records shall consist of recording sample date and ac,quisition time(s), sample number, 
sample location(s), sample depth(s), name ofthe Field Investigation Personnel collecting the sample(s), and 
Project Number in the Field Logbook. The type ofcontainer used to hold the sample and preservative agent, 
ifneeded, also will be documented, as will the method ofsampling equipment decontamination. In addition, 
if photographs are taken of the sample site, the photograph number and direction of view shall be recorded 
as wel I. 

7.0 	REFERENCES 

Field SamolinQ Procedures Manual. Chapter 8. New Jersey Department of Environmental Protection, 
Trenton, New Jersey. February 1988. 

Samnline and Ahalysis Methods. Compilation of EPA's Sampling and Analysis Methods, USEPA, 
Washington, D.C. 1991. 

Characterization of Hazardous Waste Sites. USEPA, Washington, D. C. 1990. 
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DRUM SAMPLING 

1.0 PURPOSE 

The purpose of this SOP is intended to provide general information for the sampling of drums by qualified 
individuals in the field. Due to widely varied (and potentially hazardous) conditions posed by drum 
sampling, specific SOPs must be determined on a case-by-case basis. This SOP provides infonnation to 
assist in ensuring that safe procedures are followed as applicable to the inspection, opening, and sampling 
of drums in the field. 

2.0 SCOPE AND APPLICATION 

This SOP provides technical guidance on safe and cost-effective response actions at sites containing both 
known and unknown drum contents. Containercontents are sampled and characterized for disposal, bulking, 
recycling, grouping and/or classification purposes. 

	

3.0 	DEFINITIONS 

Buna - a threaded metal or plastic plug usually positioned at the top or side of a drum. 

Overnack - An external, secondary container used to enclose a packaged ha7ardous material, hazardous 
waste, or radioactive waste. 

Lab Pack - a drum holding multiple individual containers of laboratory materials nonnally surrounded by 
cushioning absorbent material. 

	

4.0 	RESPONSIBILITIES 

Proiect ManaQer - The Project Manager is responsible for ensuring that project-specific plans are in 
accordance with these procedures where applicable, or that other approved procedures are developed. The 
Project Manager is responsible for selecting qualified individuals for the drum sampling activities. 

Proiect Health and Safetv Officer (PHSO) - The PHSO is responsible for developing a site-specific Health 
and Safety Plan (HASP) for drum sampl ing activities which include personal protection levels, air monitoring 
requirements, and safe drum sampling procedures. 

Site Health and Safety OfScer (SHSO) - The SHSO is responsible for ensuring that the proper respiratory 
and personal protective equipment for each member ofthe sampling team is selected in compliance with the 
HASP, and coordinating these efforts with the Field Team Leader. 

Field Team Leader - The Field Team Leader is responsible for selecting and detailing the drum sampling 
techniques and equipment to be used. It is the responsibility ofthe Field Team Leader to ensure that these 
procedures are implemented in the Geld and to ensure that the Field Investigation personnel performing drum 
sampling activities have been briefed and trained to execute these procedures. 
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Field Investination Personnel - It is the responsibility of the Field Investigation Personnel to follow these 
procedures or to follow documented project-specific procedurres as directed by the Field Team Leader and 
Project Manager. The Field Investigation Personnel are responsible for documenting all sampling data on 
the appropriate Drum Sample Characterization Sheet presented as Attachment A and in the Field Logbook. 

5.0 METHOD SUMMARY 

Prior to sampling, drums should be inventoried and properly staged in a secure area. An inventory entails 
recording visual qtialities of each drum and any characteristics pertinent to the contents' classi5cation. 
Staging involves the organization and sometimes consolidation of drums which have similar wastes or 
characteristics. 

6.0 INTERFERENCES 

The practice oftapping drums to determine their contents is neither safe nor effective and should not be used 
ifthe drums are visually over pressurized (bulging) or if shock-sensitive materials are suspected. Drums that 
have been over pressurized, to the extent that the head is swollen several inches above the chime (beveled 
edge of drumtop), should not be moved. A number of devices have been developed for venting swollen 
drums. These devices are described in Section 7.0. 

7.0 EQUIPMENT APPARATUS 

The following are standard materials and equipment required for drum sampling: 

• 	Health and Safety Plan 
• 	Air mohitoring equipment  
• 	Fire extinguishing equipment 
• 	Personal protective equipment 
• 	Wide mouth glass jars with teflon cap liner, approximately 500 ml volume 
• 	Uniquely numbered sample identification labels with corresponding data sheets 
• 	One-gallon covered (paint) cans half-filled with absorbent (i.e. kitty litter or vermiculite) 
• 	Chain-of-Custody forms 
• 	Decontamination plan and materials 
• 	Glass thieving tubes or Composite Liquid Waste Sampler (COLIWASA) 
• 	Drum opening devices 

7.1 	Bune Wrench 

A common method for opening dmms manually is using a universal bung wrench (Figure 1, Attachment B). 
These wrenches have fittings made to remove nearly all commonly encountered bungs. They are usually 
constructed of cast-iron, brass or a bronze-beryllium, nonsparking alloy formulated to reduce the likelihood 
of sparks. The use of a"NONSPARKING" wrench does not completely eliminate the possibility of a spark 
being produced, therefore extreme caution should be exercised. 
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7.2 	Drum Deheader 

One means by which a drum can be opened manually (when a bung is not removable with a bung wrench) 
is by using a dmm deheader (Figure 2, Attachment B). This tool is designed to cut the lid of a dmm off (or 
part way off) by means of a scissors-like cutting action. This device is limited in that it can be attached only 
to closed head drums. Drums with removable heads must be opened by other means. 

73 	Backhoe Spike 

The most common means used to open drums remotely for sampling is the use of a metal spike attached or 
welded to a backhoe bucket (Figure 3, Attachment B). In addition to being very efficient, this method can 
greatly reduce the likelihood of personnel exposure to the potentially hazardous nature ofthe drum's contents. 

7.4 	Hydraulic Drum Opener 

Another remote drum opening procedure is the utilization ofremotely operated hydraulic devices. One such 
device uses hydraulic pressure to pierce through the wall of a drum (Figure 4, Attachment B). The device 
consists of a manually operated pump which pressurizes oil through a length of hydmulic line. 

7.5 	Pneumatic Devices 

A pneumatic bung remover consists of a compressed air supply that is control led by a heavy-duty, two-stage 
regulator. A high pressure air line of desired length delivers compressed air to a pneumatic drill, which is 
adapted to tum a bung fitting selected to 5t the bung to be removed (Figure 5, Attachment B). It should be 
noted that this bung removal method does not.pennit the slow venting of the container, and therefore 
appropriate precautions must be taken to reduce personnel exposure to pressurized, potentially hazardous 
dmm contents. It also requires the container to be upright and relatively level. Bungs that are rusted shut 
or are in very poor condition cannot be removed with this device. 

7.6 	Tube and Snear Device 

A tube and spear device is a hollow tube with a rod positioned inside the tube so that the tube acts as a guide 
and safety shield and the rod, which is pointed at the impact end, acts as a puncturing tool. The tube, 
generally a light aluminum tube (3 meters long), is positioned at the vapor space of the drum. A iigid 
hooking device attached to the tube goes over the chime and holds the spear securely in place. The spear is 
inserted in the tube and positioned against the drum wall. A sharp blow on the end of the spear drives the 
sharpened tip through the drum and the gas vents along the grooves. The device can be inexpensively and 
easily designed and constructed where needed. Once the pressure has been relieved, the bung can be 
removed and the drum contents sampled. For safety reasons, this device shall be operated remotely. 

8.0 PROCEDIIRES 

It is anticipated that the procedures for drum sampling may include a limited degree of dmm handling. 
Therefore, it will be necessary to inspect the dmm(s) for certain conditions prior to sampling. 
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8.1 	Preparation 

Determine the extent of the samp ► ing effort, the sampling methods to be employed, and 
which equipment and supplies will be needed. 

2. Obtain necessary sampling and monitoring equipment 

3. Decontaminate or preclean equipment, and ensure that the equipment is in good working 
order. 

4. Prepare scheduling and coordinate with staff, clients, and regulatory agency, if appropriate. 

5. Perfomt a general site survey prior to site entry in accordance with the site-speci6c Health 
and Safety Plan. 

6. Use marking devices to identify and mark all sampling locations. If required, the proposed 
locations may be adjusted based on site access, property boundaries, and surface 
obstructions. 

	

8.2 	Insnection 

Prior to sampling, dmms will be visually inspected to gain as much information as possible about their 
contents. Items to consider during inspection include: 

• 	Symbols, wording, labels, or other marks indicating that dmm contents are hazardous, e.g., 
radioactive, explosive, corrosive, toxic, or flammable. 

• 	Symbols, wording, labels, or other marks indicating that the drum contains discarded 
laboratory chemicals, reagents, or other potentially dangerous materials in small-volume 
individual containers. 

• 	Signs ofdeterioration such as corrosion, rust, and leaks. 

• 	Signs of the chemicai nature of the contents, such as residue, crystal buildup, etc. at bung 
opening. 

• 	Signs that the drum is under pressure such as swelling and bulging. 

• 	Special drum types (refer to Table 1). 

• 	Configuration of the drumhead (ringtop or bung). 

• 	Orientation such as whether the drum is standing upright, tilted, or lying on its side. 

• Accessibility of the drum. 
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Monitoring will be conducted around the dmms using instruments such as a gamma cadiation survey 	N' 

instrument, organic vapor monitor (OVA or HNu), colorimetric tubes (Drager tubes), and/or a combustible 
ga.s meter. The results can be used to classify the drums into categories such as radioactive, 
leaking/deteriorating, bulging, explosivelshock-sensitive, or laboratory packs. 

Personnel will not handle, move, open, sample or in anyway disturb a drum containing radioactive 
waste, explosive or shoctc-sensitive waste, laboratory packs, or biohazardous waste until specific 
direction and safe procedures are received from the Project Manager, PHSO and the Field Team 
Leader. 

When drums exhibit the characteristics ofthe aforementioned categories, the following procedures will be 
followed: 

Radioactive Wastes - Ifthe drum exhibits radiation levels above background, normal ly 0.01- 
0.02 mrem/hr(millirem equivalent in man per hour), that are less than or equal to 2 mrem/hr, 
there is a Mssible radiation source present Continue the investigation with caution, and 
inform the SHSO. If the radiation levels are greater than 2 mrem/hr there is a ~otential 
radiation hazard. Work will stop, and the Field Team Leader and Project Manager will be 
notified so that new procedures can be developed and implemented. 

Explosive or Shock-Sensitive Waste - If handling is necessary, exercise extreme caution, 
have nonessential personnel move to a safe distance, and uge a grappler unit for initial 
handling which is constructed for explosive containment_ Use nonsparking equipment 
and/or remote control devices. 

Bulging Drums - Do not move drums under intemal pressure unless proper equipment is 
used, such as a grappler unit constructed for explosive containment. 

Packaged Laboratory Wastes (Lab Packs) - Lab Packs can be an ignition source for fires and 
sometimes contain shock-sensitive materials. Once a lab pack has been opened, a chemist 
or other qualified individual should visually inspect, classify and segregate the bottles, 
according to the hazards of the wastes. The objective of such a classification system is to 
ensure safe segregation of the lab packs' contents (refer to Table 2 for an example of a lab 
pack classification). If crystalline material is noted at the neck of any bottle, handle it as a 
shock-sensitive waste (due to the potential presence of picric acid, potassium permanganate 
or explosive mixtures resulting when the aqueous solution crystallizes), or other inimical 
(harmful) materials, and obtain advice from qualified personnel prior to handling. 

Until dmm contents are characterized, sampling personnel will assume that unlabeled dmms contain 
hazardous materials. Personnel also should be aware that drums are frequently mislabeled and may not 
contain the material identi6ed. 
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83 	Drum Openine 

Drums are to be opened and sampled in place. For opening dnuns manually, equipment such as a 
nonsparking metal (brass, bronze/manganese, aluminum, molybdenum) bung/plug wrench and a drum 
deheading device will be used for waste contents that are known to be nonreactive and nonexplosive, within 
a structurally sound drum. The drums will be grounded prior to opening either the bung or the lid 

While opening drums manually with a bung wrench, the following procedures will be used: 

• 	Drums will be positioned bung up, or, for drums with bungs on the side, laid on their sides 
with the bung plug up. Note that care should be taken when moving a drum into position 
foropening. 

• 	Use a wrenching motion that is a slow and steady pull across the drum, using a"cheater bar" 
if the leverage for unscrewing the bung is poor. 

• 	If there is evidence of incompatible chemical reactions, a sudden pressure buildup, or a 
release of potentially toxic fumes while the bung is being loosened, field personnel will 
immediately leave the area and arrange for remote drum opening equipment to be used. 

• 	If the drum cannot be opened successfully using a nonsparking hand wrench, then other 
methods of drum opening (deheading or puncturing) must be considered. If deheading or 
puncturing a drum, it will be necessary to overpack the drum to minimize the potential for 
spilling the drum's contents. 

• 	If the dmm shows signs of swellrng or bulging, perform all steps slowly. From a remote 
location, relieve excess pressure prior to drum opening using the devices listed below, if 
possible. If performing drum opening activities manually, place a barrier such as an 
explosion-resistant plastic shield between the worker and bung to deflect any gas, liquid, or 
solids which may be expelled as the bung is loosened. 

Whenever possible, use the following remote-controlled devices for opening drums: 

A pneumatically operated impact wrench to remove dmm bungs. 

A hydraulically or pneumatically operated drum piercer. 

A backhoe equipped with bronze spikes for penetrating dmm tops (typical in large-scale 
operations). 

Additional general procedures for drum opening are as follows: 

If a supplied-air respiratory protection system is used, the bank of air cylinders must be 
maintained outside of the work area. 
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® 	If personnel must be located near the drums being opened, place explosion-resistant plastic 
shields between them and the drums, in case of detonation. Locate controls for drum 
opening equipment, monitoring equipment, and fire suppression equipment behind the 
explosion-resistant plastic shield. Nonessential personnel must be positioned upwind from 
the drum opening and sampling operations. 

® 	When feasible, monitor air quality continuously during drum opening, and as close as 
possible to the potential source of contaminants, (i.e., placing probes as close as practical 
without hindering drum opening operations), and hang or balance the dmm opening 
equipment to minimize exertion. 

® 	Do not use picks, chisels, etc, to open drums manually. 

® 	Open exotic metal drums and polyethylene or polyvinylchloride-lined (PVC-lined) drums 
by removing or manually drilling the bung, while exercising extreme caution. 

• 	Do not open or sample individual containers within laboratory packs. 

• 	Reseal open bungs and/or drill openings as soon as possible, with new bungs or plugs to 
avoid explosions and/or vapor generation. If an open drum cannot be resealed, place the 
dntm into an overpack. 

• 	Plug any openings in pressurized dmms with pressure venting caps set to a 5-psi release to 
allow venting of vapor pressure. 

® 	Decontaminate and/or properly dispose of sampling equipment after each use to avoid 
mixing incompatible wastes and contaminating subsequent samples. 

8.4 	Drum SamDlin 

When sampling a previously sealed vessel, check for the presence of bottom sludge. Since some layering 
or strati5cation is likely in any solution left undisturbed over time, take a sample that represents the entire 
depth of the vessel. 

The most widely used instrument for sampling is a glass tube commonly referred to as a glass thief (Figure 
6, Attachment B). This tool is simple, cost effective, quick and collects a sample without having to 
decontaminate. Glass thieves are typically 6 mm to 16 mm I.D. and 48 inches long. 

Drum sampling can be a very haz,ardous activity because it often involves direct contact with unidentified 
wastes. Prior to collecting any sample, field team personnel will become familiar with the procedures 
identified in the Sampling Plan and in this SOP. 
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Certain inforrnation can be construed from the drumhead configuration prior to sampling,  such as: 

• 	Removable "Whole" Lid = designed to contain solid material 
• 	Bung opening = designed to contain liquids 
• 	Drum Liner = may contain a highly corrosive or otherwise hazardous material 

When manually sampling from a drum, use the following techniques: 

• 	Keep sampling personnel at a safe distance while drums are being opened. Sample only 
after opening procedures are complete. 

• 	Do not lean over or between other drums to reach the drum being sampled. 

• 	Cover drum tops with plastic sheeting or other suitable uncontaminated materials.to  avoid 
excessive contact with the drum tops. 

• 	Never stand on drums. Use mobile steps or another platform to achieve the height necessary 
to safely sample from the drums. 

• 	Afier the drum has been opened, monitor headspace gases with no less than an explosimeter 
and an organic vapor analyzer_ In most cases it is impossible to observe the contents of 
these sealed or partially sealed vessels. 

• 	Obtain samples with either glass rods (thiefs) or with a vacuum pump and tubing. Do not 
use contaminated items such as discarded rags during sampling. Glass rods will be removed 
prior to pumping to minimize d"amage to pumps. 

• 	Identify each drum with a sample number. Record the number on the Drum Waste 
Characterization Sheet and permanently on the drum (mark lid and side) using either a label, 
permanentmarker,orspraypaint. Cover drums with plastic sheeting and secure to minimize 
degradation of labeling from variable weather conditions. 

8.4.1 Procedures for using a glass thief are as . follows: 

1. Remove cover from sample container. 

2. Insert glass tubing almost to the bottom ofthe drum or until a solid layer is encountered. 
About one foot of tubing should extend above the drum. 

3. Allow the waste in the drum to reach its natural level in the tube. 

4. Cap the top of the sampling tube with a tapered stopper or thumb, ensuring liquid does not 
come into contact with stopper. 

S. 	Carefully remove the capped tube from the drum and insert the uncapped end in the sample 
container. 
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6. Release stopper and allow the glass thief to drain until the container is approximately 2/3 
full. 

7. Remove tube from the sample container. 

8. Cap the sample container tightly and place prelabeled sample container in a carrier. 

9. Replace bung or lid securely on drum. 

10. greak the thief into pieces inside a drum which has been designated for solid hazardous 
waste disposal. Previously, drum thiefs were broken and disposed inside the drum being 
sampled. However, this activity hindered the future disposal of liquid drum contents by 
introducing solid material. 

11. Log all samples in the Field Logbook and on field data sheets. 

12. Package samples and complete necessary paperwork. 

13. Transport sample to decontamination zone in preparation for transport to analytical 
laboratory. 

8.4.2 COLIWASA Sampler 

The Composite Liquid Waste Sampler (COLIWASA) is designed to collect a sample from the full depth of 
a drum and maintain it in the transfer tube until delivery to the sample bottle. The COLIWASA (Figure 7, 
Attachment B) is a much cited sampler designed to permit representative sampl ing of multiphase wastes from 
drums and other containerized materials. One configuration consists of a 152 cm x 4 cm inside diameter 
(I.D.) section of tubing with a neoprene stopper at one end attached by a rod running the length of the tube 
to a locking mechanism at the other end. Manipulation of the locking mechanism opens and closes the 
sampler by raising and lowering the neoprene stopper. 

9.0 QUALITY ASSURANCE/QUALITY CONTROL 

The following quality assurance procedures apply: 

® 	Document al I data on standard chain-of-custody forms, field data sheets and/or within Field 
Logbooks. 

Operate all instrumentation in accordance with operating instructions as supplied by the 
manufacturer, unless otherwise speci6ed in the Sampling and Analysis Plan. Equipment 
checkout and calibration activities must occur prior to sampling/operation, and must be 
documented in the Field Logbook. 

Quality assurance records shall consist of completed Drum Waste Characterization Sheets and data entered 
into the Field Logbook. A sample Drum Waste Characterization Sheet is presented as Attachment A. 
Attachment B contains example figures of drum sampling equipment. 
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ATTACIIMENT A 

DRUM WASTE CIIARACTERIZATION SHEET 
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ATTACHMEIVT II 

FYGURES 





Fgure 1: Universa! Bung Wrench 



Fgure 2: Drum Deheader 	 ~ 



Fgure 3: Hand Pick, Pickaxe, and Hand Spike 
-- 	 ~ 



Fgure 4: Backhoe Spike 	 -- 



Fgure 5: Hydraulic Drum  Opener 

-- 	 ~ 



Figure 6: Pneumatic Bung Remover 
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Fgure 7: Glass Thief 	 ~ 

Insert open tube (thief) sampler 
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Remove open tube (thief) sampler 	
appropriate sample bottle and 

from containerized liquid- 	
remove gloved thumb. 
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ON-SITE WATER QUALITI' TESTING 
(FIELD PARAMETERS) 

1.0 	PURPOSE 

This SOP describes the procedures and equipment required to measure the following parameters of an 
aqueous sample in the field: 

• 	pH 
• 	Specific Conductance/Salinity 
• 	Temperature 
• 	Dissolved Oxygen Concentration (DO) 
• 	Turbidity (Secchi Disc) 

The first three are the usual field parameters; dissolved oxygen may be used in particular applications 
according to project requirements. In addition ;  4tte Secchi Disc is only used in slow-moving or stagnant 
waters, such as ponds. 

2.0 	SCOPE 

These procedures are applicabie for use in an on-site water quality monitoring program to be conducted 
during a Remedial Investigation or Site Investigation at a hazardous or nonhazardous site. The procedures 
and equipment described are applicable to nearly all aqueous samples, including potable well water, 
monitoring well water, surface water, leachate and dmmmed water, etc. 

This procedure provides generic information for mEa.suringthe parameters listed aboveZVith instruments and 
techniques in common use. Since instruments from different manufacturers may vary, review of the 
manufacturer's literature pertaining to the use of a specific instrument is required before use. 

3.0 	DEFINITIONS 

Conductance  - A measurement of water's capacity for conveying electrical current and is directly related 
to the concentrations of ionized substances in the water. The units of ineasurement for conductance (mhos) 
are the inverse of ohms, the unit commonly used to express resistance. Conductivity and specific 
conductance are used synonymously. 

Electrolvtic Ce11  - An electrochemical cell in which electrical energy is supplied from an external source. 
This cell functions in much the same way as a galvanic cell, only in the opposite direction due to the extemal 
source of applied voltage. 

Galvanic Cell  - An electrochemical cell in which chemical energy is spontaneously converted to electrical 
energy. The electrical energy produced is supplied to an external circuit. 

Oxidation  - The process in which an atom or group of atoms loses electrons to achieve an increasing positive 
charge. 
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pH- The negative logarithm (base 10) of the hydrogen ion activity. The hydrogen ion activity is related to 
the hydrogen ion concentration, and, in a relatively weak solution, the two are nearly equal. Thus, for all 
practical purposes, pH is a measure of the hydrogen ion concentration. The range of pH is 0 to 14 standard 
units. 

Resistance - A measure of the solution's ability to oppose the passage of electrical current For metals and 
solutions, resistance is defined by Ohm's Law, E= IR, where E is the potential difference (in units of volts), 
I is the current (in units of Amperes), and R is the resistance (in units of ohms). 

Secchi disc - A metal disc having four quadrants, two opposing ones painted black and the other two either 
white or unpainted. The Secchi disc is used to measure turbidity based on the depth of light penetration. 

Turbidi - An optical property of water that eauses light to be scattered or absorbed in the water, resulting 
in decrease in water transparency. It is a function of at least three variables: 1) dissolved chemicals, such 
as tannins, acids, or salts; 2) suspended particles, such as silt, clay, and organic matter; and, 3) density of 
microbial and planktonic life. 

Salinity refers to the total amount of soluble salts in water, either naturally or added to the environment as 
pollutants. 

4.0 RESPONSIBILITIES 

Proiect Manaaer - The Project Manager is responsible for ensuring that project-specific plans are in 
accordance with these procedures, where applicable, or that other, approved procedures are developed. The 
Project Manager is responsible for determining which on-site water quality measurements shall be made, 
the data quality objectives (DQOs) for these measurements, and for ensuring that these measurements are 
made in accordance with proj ect- specific plans. 

Field Team Leader - The Field Team Leader is responsible for determining that these water quality 
measurement procedures are implemented in the field in accordance with this SOP, or in accordance with 
proj ect- specific plans, and to ensure that personnel performing sampling activities have been briefed and 
trained to execute these procedures. 

Samalina Personnel - It is the responsibility of the field sampling personnel to follow these procedures for 
collectingon-site water quality measurements including instrumentcalibration, quality control and recording 
of results, as well as care and maintenance of the instruments in the field. 

5.0 PROCEDURES 

The following sections provide general procedures for collecting pH, speci5c conductance/salinity, 
temperature, dissolved oxygen concentration and turbidity measurements. 



Page 4 of 12 

5.1 	Measurement of uH 

Measurement of pH is one of the most important and frequently used tests in water chemistry. Practically 
every phase of water supply and wastewater treatment, such as acid-base neutralization, water so$ening, 
and corrosion control, is pH dependent. Likewise, the pH of leachate can be con -elated with other chemical 
analyses to determine the probable source of contamination. It is therefore important that reasonably 
accurate pH measurements be taken_ 

Measurements of pH also can be used to check the quality and corrosivity of soil and solid cvaste samples. 
However, these samples must be immersed in water prior to analysis; specific measurement techniques for 
solids are not described here. 

Two methods are given for pH measurement: the pH meter and pH indicator paper. The indicator paper is 
used when only a rough estimate of the pH is required; the pH meter is used when a more accurate 
measurement is needed. The response of a pH meter can be affected to a slight degree by high levels of 
colloidal or suspended solids, but the effect is usually small and generally of little significance. 
Consequently, specific methods to overcome this interference are not described. The response of pH paper 
is unaffected by solution interferences from color, turbidity, colloidal or suspended materials unless 
extremely high levels capable of coating or masking the paper are encountered. In most cases, use of a pH 
meter will he required. 

5.1.1 Principles of Equipment Operation 

Use of pH papers for pH measurement relies on a chemical reaction caused by the acidity or alkalinity ofthe 
solution with the indicator compound on the paper. Depending on the indicator and the pH range of interest, 
a variety of different colors can be used. Typical indicators are weak acids or bases, or both. Process 
chemistry and molecular transformations leading to the color change are variable and complex. 

Use of a pH meter relies on the same principle as other ion-specific electrodes. Measurement relies on the 
establishment of a potential difference across a glass or other type of inembrane. The membrane is 
conductive to ionic species and, in combination with a standard or reference electrode, a potential difference 
proportional to hydrogen ion concentration can be generated and measured. 

5.1.2 Equipment 

The following equipment and reagents are needed for taking pH measurements: 

Portable pH meter, or pH indicator paper, such as Mydrion or Alkacid, to cover the pH 
range 2 through 12. 

• 	Laboratory-prepared buffer solutions of pH 4,7 and 10, or other buffers which bracket the 
expected pH range. 
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5.1.3 Measurement Techniques for Field Determination of pFI 

A. 	pH Meter 

- 	Standardization, calibration, and operation and maintenance shall be performed according 
to the manufacturers instructions. The following procedure is used for measuring pH with 
a pH meter: 

1. The batteries shall be checked to make sure that they are fully charged and the 
instrument shall be calibrated prior to initiation of the field effort. 

2. Immerse the tip of the electrodes in water ovemight. If this is not possible due to 
field conditions, immerse the electrode tip in water for at least an hour before use. 
The electrode tip may be immersed in a mbber or plastic sack containing buffer 
solution for field transport or storage. This is not applicable for all electrodes as 
some must be stored dry. 	 _ 

3. Turn meter on and allow it to stabilize for 3 to 5 minutes. 

4. The accuracy of the buffer solutions used for field and laboretory calibration shall 
be checked. Buffer solutions need to be changed often due to degradation upon 
exposure to the atmosphere. Select two pH buffers; 7, 4, and/or ] 0; in expected 
sample range and check temperatures of each. Record pertinent information in 
Field Logbook. 

5. Make sure all electrolyte solutions within the electrode(s) are at their proper levels 
and that no air bubbles are present within the electrode(s). 

6. Immerse the electrode(s) in a pH 7 buffer solution. 

7. Adjust the temperature compensator to the proper temperature (on models with 
automatic temperature adjustment, immerse the temperature probe into the buffer 
solution). It is best to maintain the buffer solution at or near expected sample 
temperature before calibratioa, if possible. 

8. Adjust the pH meter to read 7.0. 

9. Remove the electrode(s) from the buffer and rinse well with distilled-deionized 
water. Immerse the electrode(s) in pH 4 or 10 buffer solution (depending on the 
expected pH of the sample) and adjust the slope control to read the appropriate pH. 
For best results, the standardization and slope adjustments shall be repeated at least 
once. 
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10. The calibration procedure should be performed: 
- Following significant ambient temperature changes 
- When meter reads erratically 
- At beginning and middle of each day of use 

11. When the meter is moved to a new sampling location, a single-point calibration 
should be performed with pH 7 buffer. 

12. Immerse the electrode(s) in the unknown solution, slowly stirring the probe until the 
pH stabilizes. Stabilization may take several seconds to minutes. Ifthe pH continues 
to drift, the sample temperature may not be stable, a chemical reaction (e.g., 
degassing) may be taking place in the sample, or the meter or electrode may be 
malfunctioning. This must be clearly noted in the logbook. 

13. After adiusting the temperature compensator to the sample temperature, read and 
record the pH ofthe solution. The pH value shall be recorded to the nearest 0.1 pH 
unit. Also record the sample temperature. All measurements shall be recorded in 
the Field Logbook. 

14. Uponcompletionofineasurementandremovaloftheelectrodefromthesample,the 
electrode shall be thoroughly rinsed with deionized water. 

15. The electrode(s) shall remain immersed in deionized water when not in use. 

The sample used for pH measurement shall never be saved for subsequent conductivity or 
chemical analysis. All pH elecfrodes leak small quantities of electrolytes (e.g., sodium or 
potassium chloride) into the solution. Precipitation of saturated electrolyte solution within 
the electrode, especially at colder temperatures, or in cold water, may result in slow 
electrode response. Any visual observation of conditions which may interfere with pH 
measurement, such as oily materials, or turbidity, shall be noted in the Field L.ogbook. 

B. 	pH Paper 

Use ofpH paper is very simple and requires no samplepreparation, standardization, etc. pH 
paper is available in several ranges, including wide-range (indicating approximately pH 1 
to 12), mid-range (approximately pH 0 to 6, 6 to 9, or 8 to 14) and narrow-range (many 
available, with ranges as narrow as 1.5 pH units). The appropriate range of pH paper shall 
be selected. If the pH is unknown, the investigation shall start with wide-range paper. 

5.2 	Measurement of Specific Conductance/SalinitV 

Conductance provides a measure of dissolved ionic species in water and can be used to suggest the direction 
and extent of migration of contaminants in groundwater or surface water. Salinity refers to the total amount 
of soluble salts in water, either naturally or added to the environment as pollutants. One basic measure of 
salinity is the ability of water to conduct electric current, and, therefore, a measurement of speci5c 
conductanceprovidesameasurementofsalinityandthegameinstrumentcanbeused. Salinitymeasurements 
are important in ecological field investigations because flora and fauna can be limited in theirdistribution 
based on the salinity of the sampled waters. 
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Conductivity is a numerical expression of the ability of a water sample to carry an electric current. This 
val ue depends on the total concentration ofthe ionized substances d issolved en the water and the temperature 
at which the measurement is made. The mobility of each of the various dissolved ions, their valences, and 
their actual and relative concentrations affect conductivity. 

It is important to obtain a specific conductance and salinity measurement soon after taking a sample, since 
temperature changes, precipitation reactions, and absorption of carbon dioxide from the air all affect the 
specific conductance. 

5.2.1 Principles of Equipment Operation 

An aqueous system containing ions will conduct an electric current. In a direct-current field, the positive 
ions (cations) migrate toward the negative electrode (cathode), while the negatively charged ions (anions) 
migrate toward the positive electrode (anode). Most inorganic acids, bases and salts (such as hydrochloric 
acid, sodium carbonate, or sodium chloride, respectively) are relatively good conductors. Conversely, 
organic compounds such as sucrose or benzene, which do not disassociate in aqueous solution, conduct a 
current very poorly, if at all. 

A conductance cell and a Wheatstone Bridge (for the measurement of potential difference) may be used for 
measurement ofelectrical resistance. The ratio ofcurrent applied to voltage across the cell also may be used 
as a measure of conductance. The core element of the apparatus is the conductivity cell containing the 
solution of interest. Depending on ionic strength ofthe aqueous solution to be tested, a potential difference 
is developed across the cell which can be converted directly or indirectly (depending on instrument type) to 
a measurement of specific conductance. 

5.2.2 Equipment 

A portable conductivity meter, probe and thermometer are needed for taking specific conductance and 
salinity measurements. A variety of conductivity meters are available which also may be used to monitor 
salinity and temperatures. Probe types and cable lengths vary, so equipment may be obtained to meet the 
specific requirements of the sampling program. 

5.2.3 Measurement Techniques for Specific Conductance/Salinity 

Standardization, calibration, and operation and maintenance shall be performed accordingto manufacturers 
instructions. The steps involved in taking specific conductance and salinity measurements are listed below. 

Check batteries to make sure they are fully charged and calibrate instrument before going 
into the field. 

2. Calibrate the instrument daily when used. Potassium chloride solutions with a specific 
conductance closest to the values expected in the field shall be used. Calibration 
information shall be recorded in the field logbook. 

3. Tum meter on and allow it to stabilize for 3 to 5 minutes. 



Page 8 of 12 

4. Pour approximately 50 to 100 ml of standard conductance solution (0.1 Molar 
Potassium Chloride), 1413 micromhos, into a rinsed plastic cup. 

5. Determine temperature of reference solution. 

6. Set temperature compensation knob on meter to temperature of reference solution. If the 
meter does not compensate for temperature variations, the corrections given in Attachment 
A shall be applied. 

7. Rinse probe with distilled water and blot dry with paper towel. 

8. Place probe in reference solution and adjust standard knob on meter to read value of 
reference solution. Confirm and document proper operation/reading against standard 
solution. 

9. Remove probe and rinse with distilled water. Blot the end of the probe dry with paper 
towel. 

10. This calibration procedure should be performed: 
- Following significant ambient temperature changes 
- When meter reads erratically 
- At beginning and middle of each day of use 

11. Pour approximately 50 to 100 ml of sample into a rinsed plastic cup. Immerse the electrode 
in the sample and measure the conductivity and salinity. Ifspecified, adjust the temperature 
setfing to the sample temperatuPe.- 	 - 

12. Read and record the results in the Field Logbook. 

13. If the meter does not compensate for temperature variations, the corrections given in 
Attachment A shall be applied. 	— 

14. On some meters, specific conductivity and salinity measurements may need to be reported 
with the associated temperature measurement. If the conductivity and salinity has been 
corrected, the measurements shall be reported as `corrected to 25°C:' (Attachment A) 

a. Do not take readings if the sample temperature is less than 10° C, because the 
calibration curve no longer follows a straight line below this temperature. If 
necessary, heat the sample in your vehicle to at least 10 ° C. 

b. Measure the sample temperature to the nearest 0.1 ° C to comply with SW- 846. 

C. 	Only report results to the nearest two significant digits for the most circumstances, 
because of the inherent inaccuracy in the test and conversion procedure. 
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examples: 

• 	a calculated reading of 2353 umhos/cm @ 25° C should be reported as 
2400 umhos/cm @ 25° C 

• 	a calculated reading of 2325 should be reported as 2300 
• 	a calculated reading of 337 should be reported as 340 
• 	etc. 

	

5.3 	Measurement of Temnerature 

In combination with other parameters, temperature can be a useful indicator of the likelihood of biological 
action in a water sample. It can also be used to trace the flow direction of contaminated groundwater. 
Temperature measurements shall be taken in-situ, or as quickly as possible in the field prior to sample 
collection. Collected water samples may rapidly equilibrate with the temperature of their surroundings. 

5.3.1 Equipment 

Temperature measurements may be taken with Thermistor, alcohol-toluene, mercury or bimetal 
thermometers. ln addition, various meters such as specific conductance or dissolved oxygen meters, which 
have temperature measurement capabilities, may also be used. Using such instrumentation along with 
suitable probes and cables, in-situ measurements of temperature can be performed. 

5.3.2 Measurement Techniques for Water Temperature 

If a thermometer is used on a collected water sample: 

V isually inspect thermometer to ensure that there is not a break in the mercury column. If 
there is a break, the spare thermometer will be visually inspected. If both thermometers 
have a break in the mercury, neither will be used until the break is corrected. This will be 
done by cooling the bulb until the mercury is contained within the bulb. 

Immerse the thermometer in the sample until temperature equilibrittm is obtained (1-3 
minutes). To avoid the possibility of contamination, the thermometer shall not be inserted 
into samples which will undergo subsequent chemical analysis. 

3. 	Record values in a Field Logbook to the nearest 0.5 or 0.1 °C, depending on the 
measurement device used. 

If a temperature meter or probe is to be used, the instrument shall be calibrated according to the 
manufacturer's recommendations with an approved thermometer. 

	

5.4 	Measurement of Dissolved Oxygen Concentration 

Dissolved oxygen (DO) levels in natural water and wastewater depend on the physical, chemical and 
biochemical activities in the water body. Conversely, the growth ofmany aquatic organisms, as well as the 
rate of corrosivity, are dependent on the dissolved oxygen concentration. Thus, analysis for dissolved 
oxygen is a key test in water pollution and waste treatment process control. If at all possible, DO 
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measurements shall be taken in-situ, since concentration may show a large change in a short time, if the 
sample is not adequately preserved. 

The method discussed here is limited to the use of dissolved oxygen meters only. Chemical methods of 
analysis (i.e., Winkler methods) are available, but require more equipment and greater sample manipulation. 
Furthermore, DO meters, using a membrane electrode, are suitable for highly polluted waters, because the 
probe is completely submersible. DO meters also are free from interference caused by color, turbidity, 
colloidal material or suspended matter. 

5.4.1 Principles of Equipment Operation 

DO probes normally are electrochemical cells that have two solid metal electrodes of diffferent potential 
immersed in an electrolyte. The electrolyte is retained by an oxygen-permeable membrane. The metal of 
higher nobility (the cathode) is positioned at the membrnne. When a suitable potential exists between the 
two metals, reduction of oxygen to hydroxide ion (OH) occurs at the cathode surface. An electrical current 
is developed directly proportional to the rate of arrival of oxygen molecules at the cathode. 

Since the current produced in the probe is directly proportional to the rate of amval ofoxygen at the cathode, 
it is important that a fresh supply of sample always be in contact with the membrane. Otherwise, the oxygen 
in the aqueous layer along the membrane is quickly depleted and false low readings are obtained. It is 
therefore necessary to stir the sample (or the probe) constantlyto maintain fresh solution near the membrane 
interface. Stirring, however, shall not be so vigorous that additional oxygen is introduced through the 
air-water interface at the sample surface. To avoid this possibility, some probes are equipped with stirrers 
to agitate the solution near the probe, but to leave the surface of the solution undisturbed. 

DO probes are relatfively free of interferences. Intetferences that can occur are reactionswith oxidizing gases 
(such as chlorine) or with gases such as hydrogen sulfide which are not easily depolarized frbm the indicating 
electrode. If gaseous interference is suspected, it shall be noted in the Field Logbook and checked if 
possible. Temperature, pressure, and salinity variations also can cause interference. Automatic temperature 
compensation normally is provided by the manufacturer. Attachment B presents variations of DO in water 
as a fraction of temperature and pressure. Salinity should be compensated in accordance with the 
manufactures instructions. 

5.4.2 Equipment 

The following, similar or equivalent, equipment is needed to measure dissolved oxygen concentration: 

YSI Model 57 dissolved oxygen monitor (or equivalent). 
Dissolved oxygen/temperature probe. 
Sufficient cable to allow the probe to contact the sample. 

5.43 Measurement Techniques for Dissolved Oxygen Determination 

Probes differ as to specifics of use. Follow the manufacturer's instructions to obtain an accurate reading. 
The following general steps shall be used to measure the DO concentration. 

Calibrate equipment and check batteries in the laboratory before going to the field. 
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2. The probe shall be conditioned in a water sample for as long as practical before use in the 
field. Long periods of dry storage followed by short periods of use in the field may result 
in inaccurate readings. 

3. The instrument shall be calibrated in the field before each measurement or group of closely 
spaced measurements by placing the probe in a water sample of known dissolved oxygen 
concentration (i.e., determined by Winkler method) or in a freshly air-saturated water 
sample of known temperature. 

4. Immerse the probe in the sample. Be sure to provide for sufficient flow past the membrane, 
either by stirring the sample, or placing the probe in a flowing stream. Probes without 
stirrers which are placed in wells should be moved up and down. 

5. Record the dissolved oxygen content and temperature of the sample in a Field Logbook. 

6. Recalibrate the probe when the membrane is replaced, or following similar maintenance, or 
as needed. Follow the manufacturer s instructions. 

Note that in-situ placement ofthe probe is preferable, since sample handling is not involved. This, however, 
may not always be practical. Be sure to record whether the liquid was analyzed in situ, or whether a sample 
was taken. 

Special care shall be taken during sample collection to avoid turbulence which can lead to increased oxygen 
dissolution and positive test interferences. 

5.5 	Measurement of Turbiditv Usino a Secchi Disc 

In combination with other parameters, turbidity can be a useful indicatorofthe likelihood ofbiological action 
in a water body. It can be used to determine the depth of light penetration of surface water and the 
distribution and intensity of photosynthesis in the body of water. Turbidity measurements shall be taken 
in-situ with a Secchi disc. It is noted that the Secehi disc is most accurate in slow-moving or stagnant waters 
and may not be appropriate for all sampling areas. 

5.5.1 Equipment 

Turbidity measurements may be taken with a Secchi disc. In addition, turbidity may be measured using a 
colorimeteroraspectrophotometer. These are ex-situ measurements conducted in a laboratoryenvironment. 

5.5.2 Measurement Techniques for Turbidity 

Observations must be made through a shaded area of water surface. 

• 	Standard conditions for the use of the Secchi disc are: I) clear sky; (2) sun directly 
overhead; 3) shaded, protected side of boat or under a sun shade; 4) minimal waves or 
ripples; and, 5) any departure from these conditions should be specifically stated on field 
sheets_ 
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® 	Rope accurately graduated in meters with 0.1 meter graduations for the first meter and 0.5 
meters thereafter. 

® 	Observer's eye should be 1 meter above the surface ofthe water. 

• 	Observations should be made during the middle of the day. 

® 	Lower the disc into the water, noting the depth at which it disappears, then lift the disc and 
note the depth at which it reappears. The average of the two readings is considered to be 
the limit ofvisibility and is recorded in a Fie1d Logbook to the nearest 0.1 meter (first meter) 
or 0.5 meter, depending on the depth of visibility. 

6.0 QUALITY ASSURANCE RECORDS 

Quality assurance records for on-site water quality management consists principally of observations and 
ineasurements recorded in the field logbook. 

7.0 

Americ.an Public Health Association, 1980. Standard Methods for the Examination of Water and 
Wastewater, 15th Edition, APHA, Washington, D.C. 

U.S. EPA, 1979. Methods for Chemical Analysis of Water and Wastes. EPA-600(4-79-020. 

U.S. Geological Survey, 1984. National Handbook of Recommended Methods for Water Data Acquisition, 
Chapter 5: Chemical and Physical Quality of Wate -r and Sediment. U.S. Department af the Interior, Reston, 
Virginia. 





ATTACIIMENT A 

SPECIFIC CONDUCTANCE CONVERSION TABLE 
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ATTACIIlVIENT B 

VARIATION OF DISSOLVED OXYGEN CONCENTRATION 
IN WATER AS A FUNCTION OF TEMPERATURE AND SALINITY 





- 

Temperature °C 

2.Di55olved Oxygen mg/I 
2.1.Chloride Concentration in Water 

2.1.1.0 
2.1.2.5,000 
2.1.3.10,000 
2.1.4.15,000 
2.1.5.20,000 

2.2.Difference/ 
100 mg chloride 

0 14.6 13.8 13.0 12.1 11.3 0.017 

1 14.2 13.4 12.6 11.8 11.0 0.106 

2 13.8 13.1 12.3 11.5 10.8 0.015 

3 13.5 12.7 12.0 11.2 10.5 0.015 

4 13.1 12.4 11.7 11.0 10.3 0.014 

5 12.8 12.1 11.4 10.7 10.0 0.014 

6 12.5 11.8 11.1 10.5 9.8 0.014 

7 12.2 11.5 10.9 10.2 9.6 0.013 

8 11.9 11.2 10.6 10.0 9.4 0.013 

9 11.6 11.0 10.4 9.8 r9.2 0.012 

10 11.3 10.7 10.1 9.6 9.0 0.012 

11 11.1 10.5 9.9 9.4 8.8 0.011 

12 10.8 10.3 9.7 9.2 8.6 0.011 

13 10.6 10.1 9.5 9.0 8.5 0.011 

14 10.4 9.9 9.3 8.8 8.3 0.010 

15 10.2 9.7 9.1 8.6 8.1 0.010 



Temperature °C 

2.Di55olved Oxygen mg/I 
2.I.Chloride Concentration in Water 

2.1.1.0 
2.1.2.5,000 

2.1.3.10,000 
2.1.4.15,000 
2.1.520,000 

2.2.Difference/ 
100 mg chloride 

16 10.0 9.5 9.0 8.5 8.0 0.010 

17 9.7 9.3 8.8 8.3 7.8 0.010 

18 9.5 9.1 8.6 8.2 7.7 0.009 

19 9.4 8.9 8.5 8.0 7.6 0.009 

20 92 8.7 8.3 7.9 7.4 0.009 

21 9.0 8.6 8.1 7.7 7.3 0.009 

22 8.8 8.4 8.0 7.6 7.1 0.008 

23 8.7 8.3 7.9 7.4 7.0 0.008 

24 8.5 8.1 7.7 7.3 6.9 0.008 

25 8.4 8.0 7.6 72 6.7 0.008 

26 8.2 7.8 7.4 7.0 6.6 0.008 

27 8.1 7.7 7.3 6.9 6.5 0.008 

28 7.9 7.5 7.1 6.8 6.4 0.008 

29 7.8 7.4 7.0 6.6 6.3 0.008 

304 7.6 7.3 6.9 6.5 6.1 0.008 
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1.0 	PIIRPOSE 1.0 PURPOSE 

The purpose of this procedure is to describe the method of determining various down-hole measurements: 
groundwater levels and product (or non-aqueous phase liquid, NAPL) levels, if present, and total depth of 
groundwater monitoring wells and piezometers. 

2.0 	SCOPE 

The methods described in this SOP generally are applicable to the measurement of groundwater levels, 
product or NAPL levels, and well depths in monitoring wel(s and piemmeters. 

3.0 DEFINITYONS 

None. 

4.0 	RESPONSIBILITIES 

Proiect Mana¢er - The Project Manager is responsible for ensuring that project-specific plans are in 
accordance with these procedures, where applicable, or that other approved procedures are developed. 

Field Team Leader - The Field Team Leader is responsible for ensuring that these procedures are 
implemented in the field, and for ensuring that personnel performing these activities have been briefed and 
trained to execute these procedures. 	— 	 — 

Samaline Personnel -It is the responsibility ofthe sampling personnel to followthese procedures or to follow 
documented, project-specific procedures as directed bythe Field Team Leader and/or the Project Manager. 
The sampling personnel are responsible for the proper acquisition of down-hole measurements. 

5.0 PROCEDURES 

Calculations of groundwater elevations and product or NAPL interface level measurements collected from 
a monitoring well give an indication of: 

• 	The horizontal hydraulic gradient and the direction of groundwater flow. 

The vertical hydraulic gradient, if well nests are used (i.e., the direction of groundwater flow 
in the vertical plane). 

F ►oating or sinking product thicknesses which are also known as Light Non-Aqueous Phase 
Liquids (LNAPLs) and Dense Non-Aqueous Phase Liquids (DNAPLs), respectively. 

This information, when combined with other site specific information such as hydraulic conductivity or 
transmissivity, extent of contamination, and product den§ity, may be used to estimate the rate ofcontaminant 
movement or source areas, eta 
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Well depth is one ofthe factors used to determine the zone that a well monitors. Well depth aiso is used in 
the calculation of purge volumes as discussed in SOP F104, Groundwater Sample Acquisition. 

The following sections briefly discuss the procedures for measuring groundwater levels, product or NAPL 
levels, and well depth. For all of the procedures discussed, it is assumed that the measurement will be taken 
from the top of the PVC or stainless steel casing (though other measuring points can be used), and that 
horizontal and vertical control is available for each well through a site survey, such that measurements may 
be converted to elevations above Mean Sea Level (MSL) or some other consistent datum. A permanent 
notch, placed on the inner PVC or stainless steel casing by the surveyor will facilitate consistent water level 
measurements. 

The manufacturer's instructions for all equipment referenced herein should be read by the equipment 
operator(s) and accompany the equipment to the 1£eld. 

5.1 	Water Level Measurement  

Water levels in groundwater monitoring wells shall be measured from the permanent point indicated at the 
top ofthe inner casing (the surveyed elevation point, as marked by the surveyor), unless otherwise specified 
in the project plans, using an electronic water level measuring device (water level indicator). The point of 
measurement will be documented in the Field Logbook if different from the top of the inner casing. The 
reason for deviating from the measurement point should also be noted. 

Water levels are measured by lowering the probe into the well until the device indicates that water has been 
encountered, usually with either a constant buzz, or a light, or both. The water level is recorded to the 
nearest foot (0.01) using the graduated markings on the water level indicator cord. This measurement, when 
subtracted from themeasuring point elevation, yields the groundwater elevation. -- 

Groundwater levels shall always be measured to the nearest 0.01 foot. However, reporting of water level 
elevations depends on the accuracy of the vertical control (typically either 0.1 or 0.01 foot). 

5.2 	Product or NAPL Level Measurements  

The procedure for product or NAPL level measurement is nearly identical to that for groundwater elevation 
measurements. The only differences are the use of an interface probe that detects both NAPLs and water, 
and the indication signal given by the measurement device. Typically, encounteringNAPLs in a monitoring 
well is indicated by a constant sound. When water is encountered, the signal becomes an alternating on/ofL 
beeping sound. This allows for the collection of ineasurements for both the top of the NAPL layer in a well 
and the water/NAPL interface. 

The apparent water table elevation below the product level will be detennined by subtracting the "depth to 
water" from the measuring point elevation. The corrected water table elevation will then be calculated using 
the following equation: 

WTE, = WTE, +(Free Product Thickness x 0.80) 
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Where: 

WTE, = 	Corrected water table elevation 
WTE, = 	Apparent water table elevation 
0.80 	= 	Average value for the density of petroleum hydrocarbons. Site-specific data will 

be used where available. 

53 	Well Depth Measurements 

Well depths typically are measured usinga weighted measuring tape. A water level meter may also be used. 
The tape is lowered down the well until resistance is no longer felt, indicating that the weight has touched 
the bottom of the well. The weight should be moved in an up and down motion a few times so that 
obstructions, if present, may be bypassed. The slack in the tape then is collected until the tape is taut. The 
well depth measurement is read directly off of the measuring tape, at the top of the PVC or stainless steel 
casing, to the nearest 0.01-foot and recorded in the Field Logbook. If a water level indicator is used, add the 
distance from the bottom of the probe to the point where water levels are measured. 

5.4 	Decontamination of Measuring Devices 

Water level indicators, interface probes and weighted measuring tapes that come in contact with groundwater 
must be decontaminated using the following steps after use in each well: 

• 	Rinse with potable water 
• 	Rinse with deionized water 
• 	Rinse with Methanol or Isopropanol 
• 	Rinse with deionized water 	- -- 

Portions of the water (evel indicators or other simi ►ar equipment that do not come into contact with 
groundwater, but may encounter incidental contact during use, need only undergo potable water and 
deionized water rinses. 

6.0 QUALITY ASSURANCE RECORDS 

The Field Logbook shall serve as the quality assurance record for water, product level or well depth 
measurements. 
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PHOTOIONIZATION DETECTOR (PID) 
HNu MODELS PI 101 and DL 101 

1.0 	PURPOSE 

The purpose of this SOP is to provide general reference information for using the HNu Model PI 101 or DL 
101 photoionization detector (PID), or an equivalent or similar instrument, in the field. Calibration and 
operation, along with field maintenance will be included in this SOP. 

2.0 	SCOPE 

This procedure provides information on the field operation and general maintenance of the HNu PID. 
Application of the information contained herein will ensure that this type of 5eld monitoring equipment will 
be used properly. Review of the manufacturers instruction manual is necessary for more complete 
information. 

These procedures refer only to monitoring for health and safety. The methods are not directly applicable to 
surveillance of air quality for analytical purposes. 

3.0 	DEFINITIONS 

Ion ization Potential - In this case, a numeric equivalent that expresses the amount of energy needed to replace 
an electron with a photon. This energy is further defined in terms of electron volts (W). 

PID - Photoionization Detector 

ppm - parts per million: parts of vapor or gas per million parts of air (directly proportional to calibration 
gas)• 

4.0 	RESPONSIBILITIES 

Project Manaeer - The Project Manager is responsible for ensuring that project-specific plans are in 
accordance with these procedures, where applicable, or that other approved procedures are developed. The 
Project Manager is responsible for selecting qualified individuals for the monitoring activities. 

Project Health and Safetv Officer (PHSO) - The Project Health and Safety Officer is responsible for 
developing a site-specific Health and Safety Plan (HASP) which specifies air monitoring requirements. 

Field Team Leader - It is the msponsibility of the Field Team Leader to implement these procedures in the 
Seld, and to ensure that the Field Investigation Personnel performing air monitoring activities, have been 
briefed and trained to execute these procedures before the start of site operations. 

Site Health and Safetv Officer (SHSO) - The SHSO is responsible for ensuring that the specified air 
monitoring equipment is on site, calibrated, and used correctly by the Field Personnel_ The SHSO will 
coordinate these activities with the Field Team Leader. 
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Field Investieation Personnel  - It is the responsibility of the Field Investigation Personnel to follow these 
procedures or to follow documented project-specific procedures as directed by the Field Team Leader/Site 
Health and Safety Oflicer. The Field Investigation Personnel are responsible for documenting all air 
monitoring results in both the Field Logbook and the daily Realtime Air Monitoring Log during each 5eld 
investigation. 

5.0 PROCEDURES 

The HNu PID utilizes the principle ofphotoionization whereby contaminant molecu les enter the ion chamber 
and electrons are displaced by ultraviolet photons producing positive ions. These displaced positive ions are 
in tum collected on a special electrode. As the positive ions collect on the electrode, they create an electrical 
current which is amplified and displayed on the meter as a concentration in parts per million (ppm). 

The HNu PID is only effective for contaminants that have ionization potentials (IP) of less than or equal to 
the electron volt (eV) capacity of the lamp (i.e., methane, having an IP of 12.98 eV, will not be detected at 
a lamp potential of 11.7 eV). The standard lamp is 10.2 eV with optional lamps of 9.5 eV and 11.7 eV, 
respectively. For the PI 101 the span settings should be as follows: 1.0 for 9.5 eV lamps; 9.8 for 10.2 eV 
lamps; and 5.0 for 11.7 eV lamps. Duringcalibration, these span settings will be adjusted as necessary, using 
the span control knob. 

The following subsections will discuss HNu PID calibration, operation, and maintenance. These sections, 
however, should not be used as a substitute for the manufacturer•s instruction manual. 

5.1 	Calibration 

For calibration purposes, the following items will be needed: 

• 	Gas cylinder containing 95 to 100 parts per million (ppm) of isobutylene, balance in air. 
• 	A 0.30 liters per minute regulator. 
• 	Connectortubing. 
• 	Screwdriver set. 
• 	Photoionization Detector (PID) Calibration Fomt. 

Prior to each use, make sure that the battery is fully charged, the ultraviolet lamp is working, and that the fan 
is operating and drawing air into the probe (fan operates at approximately 100-200 cc/minute for the PI 101 
and 225 cc/minute for the DL ] 01). Procedures for completing these preliminary activities are given in the 
manufacturer's instruction manual. 

PI 101 

To calibrate the PI ] O1, the steps provided below should be followed. For an itemized description of the 
calibration process, refer to Section 3-5 in the manufacturees instruction manual. The PI 101 should be 
calibrated on a daily basis. 

• 	Turn the function control switch to the standby position and zero the instrument by turning 
the zero adjustment knob to align the indicator needle with zero on the readout meter. 
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® 	Set the range on the PI ]Ol and allow the instrument to warm up a few minutes before 
calibrating. Choices for range are 0-20, 0-200, and 0 72,000 ppm, respectively. Range 
choice must take into account the concentration of the calibration gas. For exatnple, if you 
are using a concentration of 100 ppm isobutylene as the calibration gas, your range should 
be set on the 0-200 scale. If you have to zero the instrument in the desired mnge, record 
background if present. 

Attach tubing to the regulator 

Attach the free end of the tubing to the probe and tum on the calibration gas_ 

Calibrate the PI 101 to benzene equivalents. Using the 10.2 eV (lamp) probe and 100 ppm 
isobutylene, the meter should read 56 units. Using the 11.7 eV (lamp) probe and 100 ppm 
isobutylene, the meter should read 65 units. If the reading on the meter is not f5 percent of 
the concentration of the calibration gas, adjust the span setting knob until the meter reads 
accordingly. If after adjusting the span setting knob the readout meter is still not 
responding, refer to the manufacturer's instmction manual. Also, when the PI 101 is 
calibrated it should respond to a minimum of 90 percent of the concentration of the 
calibration gas within three seconds after introduction of that gas. If proper oalibration 
cannot be obtained, intemal calibration may be required. Note, only qualified personnel 
should perform intemal calibrations. 

• 	Record the calibration on the °Photoionization Detector (PID) Calibmtion Form". 

DL 101 

To calibrate the DL 101, the steps provided below should be followed. For an itemized description ofthe 
calibration process, refer to Section 4.4 in the manufacturer's instruction manual. 

Press and release the POWER button on the keypad and waitfor the screen to stabilize then 
press the CALIBRATE key until "Calibrate?" appears. At this point press the ENTER key 
until "Elec_Zero? Yes" appears on the screen in which case you will press the ENTER key, 
again, to confirm the electronic zero. 

The dispfay will now read "CE/ENT/EXIT Conc =_ ppm" which requires the 
concentration of the calibration gas (noted on the side of the calibmtion gas bottle) to be 
entered on the keypad. The display will prompt you to "Attach gas to probe and /ENTER/" 
so attach tubing to probe (use the calibration gas humidifier in high humidity environments), 
open valve, and press ENTER key. Press ENTER again when "Press ENTER when Ready: 
xxx ppm" appears on screen. This will cause "Calibrating ... Please Wait" to appear on 
screen. 

Note: This calibration is effective when the instrument is in the SurveyMode, which is the default mode. 
For calibrations other the one described, or if proper calibration cannot be obtained, refer to the 
manufacturer's instmction manual. 

For calibrations using an alternate gas or span values, refer to Section 4.5 of the 
manufacturees instruction manual. 
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Record the calibration on the "Photoionization Detector (PID) Calibration Form" which 
accompanies each DL 101. 

5.2 	Operation 

PI 101 

Note: IMPORTANT - The PI 101 should be'zeroed" in a fresh air environment if at all possible. If there 
is a background concentration, it must be documented and then zeroed out. 

• 	Prior to each use of the PI 101, check that the battery is fully charged by turning the dial to 
BATT and making sure that it is within range. Also make sure that the ultraviolet lamp and 
the fan are wocking properly. 

Select your desired range. PI 101 ranges consists of a 0-20, 0-200, and 0-2,000 ppm, 
respectively. Consult with the Field Team Leader for more information when choosing the 
appropriate range, however, in most instances the range will be set initially at 0-20. 

• 	When PI 101 is used intermittently, tum knob to STANDBY to help in extending the life 
of the UV lamp when operating in a low humidity environment. Otherwise, leave the knob 
set to the range desired so that the UV lamp will "burn ofI" any accumulated moisture. 

Note: When using the PI 101, make sure that the probe does not contact water or soil during sampling. 
This will cause erroneous readings and will possibly damage the instmment. 

DL 101 

The DL 101 is designed to default to the survey mode when initially powered up, therefore once the 
calibration has been completed, the instrument is ready to go. Within the survey mode several options are 
available, briefly these options include: 

The Site Function 

The Site function assigns a number to a site that is being analyzed. Press the Site Key on the keypad to enter 
a speciSc site number, or press the gray button on the rear of the probe to increment a site number. 

2. 	Logging Data 

The Log function stores data in memory. To log data, press the Log key on the keypad or the Log button on 
the back of the probe. "Log" will appear in the upper right corner of the display when activated and 
disappears when not activated. To tum logging off, press either the Log key on the keypad or the red Log 
button on the rear of the probe. 

The DL ] O1 allows for the interchanging of different voltage lamps, however, refer to the 
manufacturers instructions before attempting to change the lamp. 
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The DL 101 also offers three other modes of operation, the Haz,ardous Waste Mode, the 
Industrial Hygiene Mode, and the Leak Detection Mode. Hach ofthese modes increases the 
range of capabilities for this instrument which is covered in detail in the manufacturer's 
instruction manual. 

Note: When using the DL 101, make sure that the probe does not contact water or soil during sampling. 
This will cause erroneous readings and will possibly damage the instrument. 

	

5.3 	Interferences and Potential Problems 

A number of factors can affect the response of the PI 101 and DL 101. 

• 	High humidity can cause lamp fogging and decreased sensitivity. This caa be significant 
when soil moisture levels are high, or when monitoring a soil gas well that is accessible to 
groundwater. 

High concentrations of inethane can cause a downscale deflection of the meter. 

High and low temperature, electrical fields, FM radio transmission, and naturally occurring 
compounds, such as terpines in wooded areas, will also affect instrument response. 

	

5.4 	Maintenance 

The best way to keep an HNu PID operating properly is to keep it as clean as possible. HNu PID's should 
he decontaminated or wiped down daily or afrer each use, as appropriate. 

Corrective Maintenance 

The ulh-aviolet lamp should be periodically cleaned using a special compound supplied by 
HNu Systems, Inc, for the 10.2 eV lamp, and a chlorinated solvent such as 1,1,1- 
trichloroethane for the 11.7 eV lamp. Consult the manufacturer's instruction manual for 
specific cleaning instructions. 

The ionization chamber can be periodically cleaned with methyl alcohol and a swab. 

Note: UV lamp and ion chamber cleaning is accomplished by following the procedures outlined in Section 
5.2, however, this should only be performed by trained personnel. 

• 	Documenting the HNu PID's observed symptoms and then referring to the manufacturer's 
instruction manual section on troubleshooting (Section 6.0) also can be employed. If this 
does not work, the Field Team Leader should be consulted for an appropriate course of 
action. 

Repair and Warranty Repair - HNu PID's have different warranties for different parts, so documenting the 
problem and sending it into the manufacturer assists in expediting repair time and obtaining appropriate 
warranty service. 
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5.5 	Shipping and Handlin2 

Following is information regarding the transport ofthe HNu PID meter and calibration gas. 

• 	If the HNu PID is to be carried on aircraft, the calibration gas must be removed from the 
carrying case as cylinders of compressed gas are not permitted on passenger aircraft. The 
calibration gas should either be shipped to the site of its intended use, or purchased locally. 

• 	Shipping ofthe calibration gas requires the completion of a form (specified by the shipping 
company) that identifies the package as a compressed gas. Compressed gas stickers must 
be affLxed to the package. 

6.0 QUALITI' ASSURANCE RECORDS 

Quality assurance records will be maintained for each air monitoring event. The following information shall 
be recorded in the Field Logbook. 

• 	Identification - Site name, location, activity monitored, (surface water sampling, soil 
sampling, etc.) serial number, time, resulting concentration, comments and identity of air 
monitoring personnel. 

• 	Field observations - Appearance of sampled media (if de5nable). 

• 	Additional remarks (e.g., the Hhlu PID meter had wide tange fluctuations during air 
monitoring activities). 

7.0 REFERENCES 

HNu Systems, Inc. Instruction Manual. Model PI 101, 1986. 
14Nu Systems, Inc. Operator's Manual. Model DL 101, 1991. 
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1.0 PURPOSE 

The purpose of this procedure is to provide general reference information for using the Foxboro OVA 128, 
Flame Ionization Detector (FID) or an equivalent or substitute device, in the 5eld. Calibration, operation, 
and field maintenance will be included in this SOP. The OVA 128 is an intrinsioally safe organic vapor 
tnonitor, but it cannot be used in atmospheres that are oxygen deficient and it is unable to detect inorganic 
cotnpounds, including poisonous atmospheres. 

2.0 	SCOPE 

This procedure provides information on the field operation and general tnaintenance of the Foxboro OVA 
128. Applicationoftheinformationcontainedhereinwillensurethatthistypeoffieldmonitoringequipment 
will be properly operated. Review of the manufacturer s operating manual is a necessity for more detailed 
descriptions and operating information. — 

These procedures refer only to monitoring for health and safety. The methods are not directly applicable to 
surveillance of air quality for analytical purposes. 

3.0 	DEFINITIONS 

FID - Flame Ionization Detector 

apm - parts per milfion: parts of vapor or gas per-million parts of air (directly proportional to calibration 
gas)- 

4.0 	RESPONSIBILITIES 

Proiect Manaeer - The Project Manager is responsible for ensuring that project-speci5c plans are in 
accordance with these procedures where applicable, or that other approved procedures are developed. The 
Project Manager is responsible for selecting qualified individuals for the monitoring activities. 

Proiect Health and Safetv Officer (PHSO) - The Project Health and Safety Officer is responsible for 
developing a site-specific Health and Safety Plan (HASP) which specifies air monitoring requirements. 

Field Team Leader - It is the responsibility of the Field Team Leader to implement these procedures in the 
field, and to ensute that the Field Investigation Personnet performing air monitoring activities have been 
briefed and trained to execute these procedures before the start of site operations. 

Site Health and Safety Offficer (SHSO) - The SHSO is responsible for ensuring that the specified air 
monitoring equipment is on site, calibrated, and used correctly by the Field Personnel. The SHSO will 
coordinate these activities with the Field Team Leader. 

Field Investiaation Personnel - It is the responsibility of the Field Investigation Personnel to follow these 
procedures or to follow documented project-specific procedures as directed by the Field Team Leader/Site 
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Health and Safety Officer.. The Field Investigation Personnel are responsible for documenting all air 
monitoring results in both the Field Logbook during each field investigation. 

5.0 PROCEDURES 

The following subsections will discuss calibration, operation and maintenance of the OVA 128. These 
sections, however, should not be used as a substitute for the manufacturer's operating manual. 

The OVA 128 utilizes the principle of flame ionization whereby molecules enter the detector chamber and 
are exposed to a hydrogen flame which ionizes the organic vapors. As the vapors are bumed they leave 
positively-charged carbon-containing ions. These positive ions are driven by an electric field to a collecting 
electrode. As the positive ions collect on the electrode, a current is created. This current corresponds to the 
collection rate of the positive ions. The current is then measured with a linear electrometer preamplifier 
which produces a signal proportional to the ionization current. This signal is then amplified by a signal 
conditioning amplifier and sent to the readout assembly and the strip chart recorder (when attached) in parts 
per million (ppm). The OVA 128 responds to virtually all organic compounds, that is, oompounds that 
contain carbon-hydrogen or carbon-carbon bonds. The OVA 128 can operate in two modes: 

Survev Mode : During normal survey mode operation, a sample is drawn into the probe and transferred to 
the detector chamber by an intemal pumping system. When the sample reaches the FID, it is ionized as 
described above and the resulting signal is translated to the meter as a direct reading concentration for total 
organic vapors; or recorded as a quanti5able peak on a strip chart. 

Gas Chromatoeraphy Mode : Gas Chromatography (GC) is a technique for separating components of a 
sample and qualitatively and quantitatively identifying them. This is possible when using the OVAl28 GC 
Model. The sampleto be separated is injected into a column packed with an inert solid. As the carrier gas 
(hydrogen) forces the sample through the column, the separated components of the sample are retained on 
the column for d ifferent periods of time. Each component will then be transferred to the detector chamber 
as described in the survey mode section. The response from each component will be recorded as a peak on 
the strip chart. The qualitative and quantitative results can then be determined only by quali6ed personnel. 

5.1 	Calibration  

Primary calibration involves internal adjustments and should only be done by the manufacturer or an 
authorized equipment technician. 

The following items will be needed for secondary calibration ofthe OVA 128: 

• 	Calibration gas (usually methane but can be contaminant speci6c). 
• 	Gas regulator. 
• 	Tedlar bag (usually two to three liter capacity). 
• 	Tubing. 
® 	Screw driver set. 
• 	Flame lonization Detector (FID) Calibration Form. 

Points to follow for "Single Sample Calibration:" 

Follow operation procedures up to "calibration" step. 
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• 	For methane calibration in the 90 to 100 ppm range, set scale to x10 and gas select control 
to 300. 

• 	Use calibration adjustment knob to 'zaro" the meter. Care must be taken to document 
background readings before zeroing the instmments- 

• 	Introduce methane sample of known concentration from Tedlar Bag and adjust gas select 
knob so that meter reading equals sample concentration. Withdraw methane sample, allow 
meter reading to stabilize and repeat. Discontinuecalibrationwhenmeterreactiontosample 
introduction is consistent. 

• 	If there is a problem with calibration, consult the manufacturees operating manual or an 
experienced technician. 

• 	Refer to manufacturer's operating manual for additional information. 

Since the OVA 128 uses flame ionitation, it has a broad application in terms of which organic contaminants 
it can ionize. Note: the OVA 128 hydrogen flame ioniz.ation detector is more sensitive to hydrocarbons than 
any other class of organic compounds. 

5.2 	Oneration 

Review of the Startup Procedure Chapter of the manufacturees operating manual (page 7), is critical prior 
to actual field operation. 

Points to follow for startup of the OVA 128: -- 

• 	After the OVA 128 is assembled check that the battery level is sufficient for operation. A 
minimum, reading of 7.5 on the xl scale should provide four hours of operation. 

• 	Turn instrument switch on and allow a minimum of a five minute warmup before tuming 
pump on. 

• 	Tum the pump switch on. Pump operation is audible. 

• 	Place the instrument panel in the vertical position and check the sample flow rate indicator. 
The normal range is 1.5 to 2.0 units. If less, filters may need to be changed, or the battery 
may need further charging or replacement. 

• 	Ensure that an air-tight seal exists from the probe back to the instrument by placing your 
thumb over the end of the probe. Cover the probe long enough to shut the pump down 
(approximately 5-10 seconds). If the pump does not shut down, check all fittings and 
connections from the probe assembly back to the instmment. An air-tight seal is very 
importantforobtaininganaccuratereading. Readings obtained without an air-tight seal are 
diluted and not indicative of actual concentrations (survey mode) or concentrations and 
contaminants present (GC mode). 
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Use calibrate adjust knob to set meter to predetermined level for activating audible alatm 
(if desired). 

Set to xl scale and adjust meter reading to zero. 

Open hydrogen tank valve to be certain that there is enough hydrogen in the tank for 
operation approximately L5 to 2 full tums. The OVA 128 will use approximately 150 
psi/hour. Then open the hydrogen supply valve approximately 1.5 to 2 full turns noting that 
the gauge reading should be within the range of 8 to 12 psi. 

Note: Caution must be used when filling the hydrogen tank to maintain safe operating pressures and 
temperatures. Only prepurified or zero grade hydrogen will be used. Use the hydrogen filling hose 
supplied by the manufacturer, and hydrogen tank with a rated pressure that does not exceed the 
capacity of the fill line. 

After approximately one minute depress the igniter button until the hydrogen has been 
ignited (needle on readout assembly should deflect to full-scale). DO NOT HOLD THE 
IGNITER BUTTON IN FOR MORE THAN FIVE SECONDS. If hydrogen does not light, 
wait two minutes and try again. If it still does not light, consult manufacturer's operating 
manual. 

Note: Hydrogen gas will not ignite if battery is too low. 

The instmment is now ready for calibration, if required. 

Once the OVA 128 has been running and stabilized for 15 minutes, it is ready for "Survey Mode" procedures. 
Set the calibrate switch to the desired range and the OVA 128 is now ready for 6eld operation. 

Note: Care must be taken when operating the OVA 128. Special areas of concem are the probe assembly 
and the analyzer. Do not stick the probe in water or soil; this will give erroneous readings and could 
possibly damage the pump. The analyzer unit must be kept clean and away from physical hazards, 
and the exhaust free from obstructions. 

For shutdown and refueling, follow manufacturer's recommend procedures. 

53 	Maintenance  

Preventive maintenance consists ofkeeping the Foxboro OVA 128 as clean as possible. The OVA 128 must 
be decontaminated and wiped down with a damp cloth after each use. 

The other type of maintenance is the manufacturer's scheduled maintenance which consists ofthe following: 

• 	Check particle filters on a monthly basis. 
• 	Check quad rings on a monthly basis or as needed. 
• 	Clean bumer chamber on a quarterly basis or as needed. 
• 	Primary calibration and factory check on an annual basis or when non-operational. 
• 	Secondary calibration on a daily or weekly basis depending on usage. 
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5.4 	ShippinQ 

Following is information regarding the transport of FID meters and calibration gas. 

• 	Compressed gas cylinders (i.e., methane and hydrogen) may not be carried on aircraft. 
These cylinders should either be shipped to the jobsite, or purchased locally. 

• 	Shipping of the gas cylinders requires completion of a form (specifaed by the shipping 
company), that identifies the container as compressed gas. Compressed gas stickers must 
be affixed to the package. 

6.0 QUALTTY ASSURANCE RECORDS 

Quality assurance records will be maintained for each air monitoring event. The following information shall 
be recorded in the Field Logbook. 

• 	Identification - Site name, location, project and task number, activity monitored, (surface 
watersampling, soil sampling, etc.), serial number, time, resulting concentration, comments 
and identity of air monitoring personnel. 

• 	Field observations - Appearance of sampled media (if definable). 

• 	Additional remarks (e.g., the OVA 128 meter had wide rdnge fluctuations during air 
monitoring activities). 

	

7.0 	REFERENCES 	 - — 	 -- 

Foxboro Model OVA 128 Century Organic Vapor Analyzer Instruction Manual, 1985. 
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1.0 PURPOSE 

This SOP describes the appropriate containers for samples of particular matrices, and the steps necessaey to 
preserve those samples when shipped off site for chemical analysis. It also identi5es the qualifications for 
individuals responsible forthe transportation ofhazardous materials and samples and the regulations set forth 
by the Department of Transportation regarding the same. 

2.0 	SCOPE 

Some chemicals react with sample containers made of certain materials; for example, trace metals adsorb 
more strongly to glass than to plastic, while many organic chemicals may dissolve various types of plastic 
containers. It is therefore critical to select the correct container in order to maintain the integrity of the 
sample prior to analysis. 

Manywaterandsoilsamplesareunstableandmaychangeinchemicalcharacterduringshipment. Therefore, 
preservation of the sample may be necessary when the time interval between 5eld collection and laboratory 
analysis is long enough to produce changes in either the concentration or the physical condition of the 
constituent(s). While complete and irreversible preservation of samples is not possible, preservation does 
retard the chemical and biological changes that may occur after the sample is collected. 

Preservation techniques are usually limited to pH control, chemical addition(s), and refrigeration/freezing. 
Their purposes are to (1) retard biological activity, (2) retard hydrolysis of chemical compounds/complexes, 
(3) reduce constituent volatility, and (4) reduce adsorption effects. 

Typical sample container and preservation requirements for this project are provided in Attachment A of this 
SOP. Note that sample container requirements (i.e., volumes) may vary by laboratory. 

The Department of Transportation, Ca!e of Federal Regulations (CFR) Title 49 establishes regulations for 
all materials offered fortransportation. The transportation ofenvironmental samples foranalysis is regulated 
by Code of Federal Regulations Title 40 (Protection of the Environment), along with 49 CFR Part 172 
Subpart H. The transportation of chemicals used as preservatives and samples identified as hazardous (as 
defined by 49 CFR Part 171.8) are regulated by 49 CFR Part 172. 

3.0 	DEFINITIONS 

HCl - Hydrochloric Acid 

HzSO,- Sulfuric Acid 

HNO, - Nitric Acid 

NaOH - Sodium Hydroxide 

Normality (N)  - Concentration of a solution expressed as equivalents per liter, where an equivalent is the 
amount of a substance containing one mole of replaceable hydrogen or its equivalent. Thus, a one molar 
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solution of HCI, containing one mole of H, is `one-normal," while a one molar solution of H 2 S0, containi ng 
two moles of H, is'two-normal." 

	

4.0 	RESPONSIBILITIES 

Proiect Manaaer - The Project Manager is responsible for ensuring that project-specific plans are in 
accordance with these prooedures, where applicable, orthat other, approved procedures are developed. The 
Project Manager is responsible for development of documentation of procedures which deviate from those 
presentedherein. The Project Manager is also responsible for proper certification of individuals responsible 
for transportation of samples of hazardous substances. 

Field Team Leader - It is the responsibility of the Field Team Leader to ensure that these procedures are 
implemented in the field and to ensure that personnel performing sampling activities have been briefed and 
trained to execute these procedures. The Field Team Leader is responsible to ensure all samples and/or 
hazardous substances are properly identified, labeled, and packaged prior to transportation. 

SamalinQ Personnel - It is the responsibility ofthe field sampling personnel to initiate sample preservation 
and handling. It is also the responsibility of the field sampling personnel to understand and adhere to the 
requirements for proper transportation of samples and/or hazardous substances. 

5.0 PROCEDURES 

The following procedures discuss sample containerization and preservation techniques that are to be followed 
when collecting environmental samples for laboratory analysis. 

	

5.1 	SampleContainers 

For most samples and analytical parameters either glass or plastic containers are satisfactory. In general, if 
the analyte(s) to be measured is organic in nature, the container shall be made of glass. If the analyte(s) is 
inorganic, then glass or plastic containers may be used. Containers shall be kept out of direct sunlight (to 
min imize biological or photo-oxidation/photolysis ofconstituents) until they reach the analytical laboratory. 
The sample container shall have approximately five to ten percent air space ('ullage") to allow for 
expansion/vaporization if the sample is heated during transport (one liter of water at 4°C expands by 15 
milliliters if heated to 130°F/55 °C); however, head space for volatile organic analyses shall be omitted_ 

The analytical laboratory shal I provide sample containers that have been certified clean according to USEPA 
procedures. Shipping containers for samples, consisting of sturdy ice chests, are to be provided by the 
laboratory. 

Once opened, the sample container must be used at once for storage of a pariicular sample. Unused, but 
opened, containers are to be considered contaminated and must be discarded. Because of the potential for 
introduction of contamination, they cannot be reclosed and saved for later use. Likewise, any unused 
containers which appear contaminated upon receipt, or which are found to have loose caps or missing liners 
(if required for the container) shall be discarded. 

General sample container, preservative, and holding time requirements are listed in Attachment A. 
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5.2 	Preservation Technigues 

The preservation techniques to be used for various analytes an: listed in Attachment A. Reagents requin.d 
for sample preservation will either be added to the sample containers by the laboratory prior to their shipment 
to the field or added in the 5eld using laboratory supplied preservatives. Some of the more commonly used 
sample preservation techniques include storage of sample at a temperature of 4°C, acidification of water 
samples, and storage of samples in dark (i.e. amber) containers to prevent the samples from being exposed 
to light. 

All samples shall be stored at a temperature of 4°C. Additional preservation techniques shall be applied to 
water samples as follows: 

• 	Water samples to be analyzed for volatile organics shall be acidified. 
• 	Water samples to be analyzed for semivolatile organics shall be stored in dark containers. 
® 	Water samples to be analyzed for pesticides/PCBs shall be stored in dark containers. 
• 	Water samples to be analyzed for inorganic compounds shall be acidified. 

These preservation techniques generally apply to samples of low- level contamination. The preservation 
techniques utilized for samples may vary. However, unless documented otherwise in the project plans, all 
samples shall be considered low concentration. All samples preserved with chemicals shall be clearly 
identified by indicating on the sample label that the sample is preserved. 

53 	Sample Holdine Times 

The elapsed time between sample collection and initiation of laboratory analyses is considered the holding 
time and must be v7ithin a prescribed time frame -for each individual analysis to be -performed. Sample 
holding times for rootine sample collection are provided in Attachment A. 

6.0 SAMPLE HANDLING AND TRANSPORTATION 

After collection, the outside of all sample containers wil l be wiped clean with a damp paper towel; however 
sample handling should be minimized. Personnel should use extreme care to ensure that samples are not 
contaminated. If samples are placed in an ice chest, personnel should ensure that melted ice cannot cause 
sample containers to become submerged, as this may result in sample cross-contamination and loss of 
sample labels. Sealable plastic bags, (zipper-type bags), should he used when glass sample containers are 
placed in ice chests to prevent cross-contamination, if bre,akage should occur. 

Samples may be hand delivered to the laboratory or they may be shipped by common camer. Relevant 
regulations for the storage and shipping of samples are contained in 40 CFR 261.4(d). Parallel state 
regulations may also be relevant. Shipment of dangerous goods by air cargo is also regulated by the United 
Nations/Intemational Civil Aviation Organization (UN/ICAO). The Dangerous Goods Regulations 
promulgated by the International Air Transport Association (IATA) meet or exceed DOT and UN/ICAO 
requirements and should be used for shipment of dangerous goods via air cargo. Standard procedures for 
shipping environmental samples are given in Attachment B. 
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ATTACHAENT A 

REQUIRED CONTAINER, PRESERVATION TECHNIQUES 
AND HOLDING TIMES 
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SAMPLE SIIIPPING PROCEDURES 





ATTACWdENT B 

SAIVIPLE SIIIPPING PROCEDURES 

Introduction 

Samples collected during field investigations or in response to a hazardous materials incident must be 
classified by the project leader, prior to shipping by air, as either environmental or hazardous substances. 
The guidance for complying with U.S. DOT regulations in shipping environmental (aboratory samples is 
given in the "National Guidance Package for Compliance with Department of Transportation Regulations 
in the Shipment of Environmental Laboratory Samples." 

Pertinent regulations for the shipping of environmental samples is given in 40 CFR 261.4(d). Samples 
cwllected from process wastewater streams, drums, bulk storage tanks, soil, sediment, or water samples from 
areas suspected ofbeing highly contaminated may require shipment as dangerous goods/hazardous substance. 
Regulations for packing, marking, labeling, and shipping ofdangerous goods by air transport are promuigated 
by the United Nations Intemational Civil Aviation Organization (UN/ICAO),which is equivalent to IATA. 

Individuals responsible for transportation of environmental samples or dangerous goods/hazardous 
substances must be tested and certified by their employer. This is required by 44 CFR Part 172 Subpart H 
Docket HM-126 to assure the required quali5cations for individuals offering materials for transportation. 

Environmental samples shall be packed prior to shipment by commercial air carrier using the following 
procedures: 

Select a sturdy cooler in good repair. Secure and tape the drain plug (inside and outside) 
with 5ber or duct tape. Line the cooler with a large heavy duty plastic bag. This practice 
keeps the inside of the cooler clean and minimizes cleanup at the laboratory after samples 
are removed. 

2. Allow sufficient headspace (ullage) in all bottles (except VOAs) to compensate for any 
pressure and temperature changes (approximately 10 percent of the volume of the 
container). 

3. Be sure the lids on all bottles are tight (will not leak). In many regions custody seals are 
also applied to sample container lids. The reason for this practice is two-fold: to maintain 
integrity of samples and keep lid on the cwntainer should the lid ►oosen during shipment. 
Check with the appropriate regional procedures prior to field work. In many cases, the 
laboratory manager of the analytical lot to be used on a particular project can also provide 
this information. 

It is good practice to wrap aIl glass containers in bubblewrap or other suitable packing 
material prior to placing in plastic bags. 

Place all bottles in separate and appropriately sized polyethylene bags and seal the bags with 
tape (preferably plastic electrical tape, unless the bag is a zipper-type bag). Up to three 
VOA bottles, separately wrapped in bubblewrap, may be packed in one plastic bag. 



6. Optionally, place three to six VOA vials in a quart metal can and then Sll the can with 
verrniculite. 

7. Place two to four inches of vermiculite (ground corn cob, or other inert packing material) 
in the bottom of the cooler and then place ihe bottles and cans in the cooler with sufficient 
space to allow for the addition of more vertniculite between the bottles and cans. 

Put frozen "blue ice" (or ice that has been placed in properly sealed, double-bagged, heavy 
duty polyethylene bags) on top of and between the samples. Fill all remaining space 
between the bottles or cans with packing material. Fold and securely fasten the top of the 
large heavy duty plastic bag with tape (preferably electrical or duct). 

9. Place the Chain-of-Custody Record and the Request forAnalysis Form (ifapplicable) into 
a plastic bag, tape the bag to the inner side of the cooler lid, and then close the cooler and 
securely tape (preferably with fiber tape) the top of the cooler unit Wrap the tape three to 
four times around each side of the cooler unit. Chain-of-custody seals should be affixed 
to the top and sides of the cooler within the securing tape so that the cooler cannot be 
opened without breaking the seal. 

10. Each cooler (if multiple coolers) should have its own Chain- of- Custody Record reflecting 
the samples shipped in that cooler. 

11. Label according to 40 CFR 261.4(d). The shipping containers should be marked 'THIS 
END UP," and arrow labels which indicate the proper upward position of the container 
should be affixed to the container. A label containing the name and address of the shipper 
and.laboratory shall be placed on the outside of the container. It is good practice to secure 
this label with clear plastic tape to prevent removal during shipment by blurring of important 
information should the label become wet. The commercial carrier is not required to sign the 
COC record as long as the custody seals remain intact and the COC record stays in the 
cooler. The only other documentation required is the completed airbill, which is secured to 
the top of the shipping container. Please note several coolers/shipping containers may be 
shipped under one airbill. However, each cooler must be labeled as'Cooler 1 of3, Cooler 
2 of 3, etc.", prior to shipping. Additionally it is good practice to label each COC form to 
correspond to each cooler (i.e., 1 of 3, 2 of 3, etc.). 
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1.0 	PURPOSE 

The purpose of this SOP is to provide information on chain-of-custody procedures to be used to document 
sample handling. 

2.0 	SCOPE 

This procedure describes the steps necessary for transfemng samples through the use of Chain -of- Custody 
Records. A Chain -of- Custody Record is required, without exception, for the tracking and recording of 
samples collected for on-site or off-site analysis (chemical or geotechnical) during program activities 
(exceptwellheadsamplestakenformeasurementoffieldparameters). Use ofthe Chain- of- Custody Record 
Fortn creates an accurate written record that can be used to trace the possession and handling of the sample 
from the moment of its collection through analysis. This procedure identifies the necessary custody records 
and describes their completion. This procedure does not take precedence over region-specific or 
site-specific requirements for chain- of- custody. 

3.0 	DEFINTTIONS 

Chain- of- Custody Record Form  - A Chain-of-Custody Record Form is a printed two-part fortn that 
accompanies a sample or group of samples as custody of the sample(s) is transferred from one custodian to 
another custodian. One copy of the focm must be retained in the project file. An example of a Chain-of- 
Custody Record Form is presented in Attachment B. 

Custodian  - The person responsible for the custody of samples at a particular time, until custody is 
transferred to another person (and so documented), who then becomes custodian. A sample is under one's 
custody if: 

• 	It is in one's actuat possession. 
• 	It is in one's view, after being in one's physical possession. 
• 	It was in one's physical possession and then he/she locked it up to prevent tampering. 
® 	It is in a designated and identified secure area. 

Sample  - A sample is physical evidence col lected from a facility or the environment, which is representative 
of conditions at the point and time that it was collected. 

4.0 	RESPONSIBILITIES 

Proiect Manaeer  - The Project Manager is responsible for ensuring that project-specific plans are in 
accordance with these procedures, where applicable, or that other, approved procedures are developed. The 
Project Manager is responsible for development of documentation of procedures which deviate from those 
presented herein. The Project Manager is responsible for ensuring that chain-of-custody procedures are 
implemented. The Project Manager also is responsible for determining that custody procedures have been 
met by the analytical laboratory. 

Field Team C.e,ader  - The Field Team Leader is responsible for determining that chain-of-custody 
procedures are implemented up to and including release to the shipper or laboratory. It is the responsibility 
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of the Field Team Leader to ensure that these procedures are implemented in the field and to ensure that 
personnel performing sampling activities have been briefed and trained to execute these procedures. 

SamplinQ Personnel  - It is the responsibility of the field sampling personnel to initiate chain-of-custody 
procedures, and maintain custody of samples until they are relinquished to another custodian, the sample 
shipper, or to a common carrier_ 

5.0 PROCEDURES 

The term `chain-of-custody" refers to procedures which ensure that evidence presented in a court of law 
is valid. The chain- of- custody procedures track the evidence fi-om the time and place it is first obtained to 
the courtroom, as well as providing security for the evidence as it is moved and/or passed from the custody 
of one individual to another. 

Chain- of- custody procedures, record keeping, and documentation are an important part ofthe management 
control of samples. Regulatory agencies must be able to provide the chain -of- possession and custody of 
any samples that are offered for evidence, or that form the basis of analytical test results introduced as 
evidence. Written procedures must be available and followed whenever evidence samples are collected, 
transferred, stored, analyzed; or destroyed. 

5.1 	Samnle Identification 

The method of identification of a sample depends on the type of ineasurement or analysis performed. When 
in-situ measurements are made, the data are recorded directly in bound logbooks or other field data records 
with identifying information. 

Information which shall be recorded in the Field Logbook, when in-situ measurements or samples for 
laboratory analysis are collected, includes: 

• 	Field Sampler(s) 
• 	Project Number 
• 	Project Sample Number 
• 	Sample location or sampling station number, if applicable 
• 	Date and time of sample collection and/or measurement 
• 	Field observations 
• 	Equipment used to collect samples and measurements 
• 	Calibration data for equipment used 

Measurements and observations shall be recorded using waterproof ink. 
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5.1.1 Sample Label 

Samples, other than in-situ measurements, are removed and transported from the sample location to a 
laboratory or other location for analysis. Before removal, however, a sample is often divided into portions, 
depending upon the analyses to be performed. Each portion is preserved in accordance with the Sampling 
and Analysis Plan. Each sample container is identi5ed by a sample label (see Attachment A). Sample labels 
are provided, along with sample containers, by the analytical laboratory. The information recorded on the 
sample label includes: 

o 	Project Number. 

o 	Station L.ocation - The unique sample number identifying this sample. 

o 	Date - A six-digit number indicating the day, month, and year of sample collection (e.g., 
12/21/85). 

o 	Time - A four-digit number indicating the 24-hour time of collection (for example: 0954 
is 9:54 am., and 1629 is 4:29 p.m.). 

o 	Medium - Water, soil, sediment, sludge, waste, etc. 

o 	Sample Type - Grab or composite. 

o 	Preservation - Type and quantity of preservation added. 

o 	Analysis - VOA, BNAs, PCBs, pesticides, metals, cyanide, other. 

o 	Sampled By - Printed name of the sampler. 

o 	Remarks - Any pertinent additional information. 

Using only the work assignment number of the sample label maintains the anonymity of sites. This may be 
necessary, even to the extent of preventing the ►aboratory performing the analysis from knowing the identity 
of the site (e.g., if the laboratory is part of an organization that has perfotmed previous work on the site). 

5.2 	Chain-of-Custody Procedures  

After collection, separation, identiflcation, and preservation, the sample is maintained under 
chain-of-custody procedures until it is in the custody of the analytical laboratory and has been stored or 
disposed. 

5.2.1 Field CustodyProcedures 

Samples are collected as described in the site Sampling and Analysis P ►an. Care must be 
taken to record precisely the sample location and to ensure that the sample number on the 
label matches the Chain-of-Custody Record exactly. 
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The person undertaking the actual sampling in the fteld is responsible for the care and 
custody of the samples collected until they are properly transferred or dispatched. 

• 	When photographs are taken of the sampling as part of the documentation procedure, the 
name of the photographer, date, time, site location, and site description are entered 
sequentially in the Field Logbook as photos are taken. Once developed, the photographic 
prints shall be serially numbered, con -esponding to the logbook descriptions; photographs 
will be stored in the project files. It is good practica to identify sample locations in 
photographs by including an easily read sign with the appropriate sample/location number. 

Sample labels shall be completed for each sample, using waterproof ink unless prohibited 
by weather conditions, e.g., a logbook notation would explain that a pencil was used to fill 
out the sample label if the pen would not function in freezing weather. 

5.2.2 Transfer of Custody and Shipment 

Samples are accompanied by a Chain-of-Custody Record Fonn. When transferring the possession of 
samples, the individual(s) relinquishing and receiving will sign, date, and note the time on the Record. This 
Record documents sample custody transfer from the sampler, often through another person, to the analyst 
in the laboratory. The Chain- of- Custody Record is filied out as given below. 

• 	Enter header infonnation (Project and Task number, samplers, and project name). 

• 	Enter sample specific information (sample number, media, sample analysis required and 
analytical method, grab or composite, numberand type ofsample containers, and date/time 
sample was collected). 	- 

• 	Sign, date, and enter the time under'Relinquished by° entry. 

• 	Have the person receiv':ng the sample sign the'Received by" entry. Ifshipping samples by 
a common carrier, print the carrier to be used in this space (i.e., Federal Express). 

• 	Ifa carrier is used, enter the airbill number under'Remarks," in the bottom right corner. 

• 	Place the original (top, signed copy) of the Chain- of- Custody Record Form in a plastic 
zipper-type bag or other appropriate sample shipping package. Retain the copy with field 
records. 

• 	Sign and date the custodyseal, a 1- by 3-inch white paper label with black lettering and an 
adhesive backing. Attachment C is an example of a custody seal. The custody seal is part 
of the chain-of-custody process and is used to prevent tampering with samples after they 
have been collected in the field. Custodyseals shall be provided bythe analytical laboratory. 

• 	Place the seal across the shipping container opening so that it would be broken if the 
container was to be opened. 

• 	Complete other carrier-required shipping papers. 



Page 6 of 6 

The custody record is completed using wwaterproof ink. Any cortections are made by drawing a line through 
and initialing and dating the change, then entering the con -ect information. Erasures are not permitted. 

Common carriers will usually not accept responsibility for handl ing Chain-of-Custody Record Forms; this 
necessitates packing the record in the shipping container (enclosed with other documentation in a plastic 
zipper-type bag)_ As long as custody forms are sealed inside the shipping container and the custody seals 
are intact, commercial carriers are not required to sign the custody form. 

The labomtory representative who accepts the inwming sample shipment signs and dates the 
Chain -of- Custody Record, completing the sample transfer process. It is then the laboratorys responsibility 
to maintain intemal logbooks and custody records throughout sample preparation and analysis. 

6.0 QUALITY ASSURANCE RECORDS 

Once samples have been packaged and shipped, the COC copy and airbill receipt becomes part ofthe Quality 
Assurance Record. 

7.0 REFERENCES 

USEPA. Usees Guide to the Contract Laboratorv Proeram. Office of Emergency and 
Remedial Response, Washington, D.C. (EPA/540/P-91/002), January 1991. 
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EXAMPLE CLIENT (SANII'LE) LABEL 
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EXAMPLE CHAIN-OF-CUSTODY RECORD 
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EXAMPLE CUSTODY SEAL 
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FIELD LOGDOOK FFELD  LOGBOOK 

1.0 PURPOSE 

This SOP describes the process for maintaining a Field Logbook. 

2.0 	SCOPE 

The Field Logbook is a document which records all major on-site activities conducted during a field 
investigation. At a minimum, the following activities/events shall be recorded in the Field Logbook by each 
member of the field crew. 

• 	Arrival/departure of site workers and visitors 
• 	Arrival/departure of equipment 	 - 
• 	Sample pickup (sample numbers, carrier, time) 
• 	Samplingactivities 
• 	Start or completion of boreholes, monitoring wells, or sampling activities 
• 	Health and safety issues 

The Field Logbook is initiated upon arrival at the site for the start of the 5rst on-site activity. Entries are 
made every day that on-site activities take place. At least one 5eld logbook shall be maintained per site. 

The Field Logbook becomes part of the permanent site file. Because information contained in the Field 
Logbook may be admitted as evidence in legal proceedings, it is critical that this document is properly 
maintained. _ 

3.0 	DEFINITIONS 

Field Logbook  - The Field Iogbook is a bound notebook with consecutively numbered pages. Upon entry 
of data, the logbook requires the signature of the responsible data/information recorder. 

4.0 	RESPONSIBILITIES 

The Field Team Leader is responsible for maintaining a master field logbook for the duration of on-site 
activities. Eachmemberofthesamplingcrewisresponsibleformaintainingacompleteandaccuraterecord 
of site activities for the duration of the crew members participation in the project. 

5.0 PROCEDURES 	 _ 

The following sections present some of the inforination that must be recorded in the Field Logbook. In 
general, a record of all events and activities, as well as other potentially impor[ant information shall be 
recorded by each member of the field team. 
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51 	Cover 

The inside cover or title page of each field logbook shall contain the following information: 

• 	Project Number 
• 	Project name and location 
• 	Name of Field Team Leader 
• 	Baker's address and telephone number 
• 	Start date 
• 	If several logbooks are required r  a sequential Field L.ogbook number 

It is good pmctice to list important phone numbers and points of contact here. 

5.2 	Daily Entries 

Daily entries into the logbook may contain a variety of information. At the beginning of each day the 
following information must be recorded by each team member. 

• 	Date 
• 	Start time 
• 	Weather 
• 	All field personnel present 
• 	All visitors present 
• 	Otherpertinentinformation(i.e.,plannedactivities,schedulechanges,expectedvisitors,and 

equipment changes) 

During the day, an ongoing record ofall site activities should be wr itten in the logbook. The master logbook 
kept by the field team leader need not duplicate that recorded in other Field Logbooks, but should summarize 
the information in other books and, where appropriate, reference the page numbers of other logbooks where 
detailed information pertaining to a subject may be found. 

Some speciEic information which must be recorded in the logbook includes the following: 

• 	Equipment used, equipment numbers, calibration, field servicing 
• 	Field measurements 
• 	Sample numbers, media, bottle size, preservatives, collection methods, and time 
• 	Test boring and monitoring well construction information, including boring/well number 

and location 
• 	Sketches for each sample location including appropriate measurements if required 
• 	Photographlog 
• 	Drum log 
• 	Other pertinent information 

AII entries should be made in indelible ink; all pages numbered consecutively; and all pages must be signed 
or initialed and dated by the responsible field personnel completing the log. No erasures are permitted. If 
an incorrect entry is made, the entry shall be crossed out with a single line, initialed, and dated. 
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53 	Photoeranhs 

Ifphotographs are permitted at the site, the record shall be maintained in the Field Logbook. When movies, 
slides or photographs are taken of any site location, they are numbered or cross-referenced to correspond 
to logbook entries. The name ofthe photographer, date, time, site location, site description, direction ofview 
and weather conditions are entered in the logbook as the photographs are taken. Special lenses, film, or other 
image- enhancement techn iq ues also must be noted in the Field Logbook. Once processed, photographs shal l 
be serially numbered and labeled corresponding to the Field Logbook entries. 

6.0 QUALITY ASSURANCE RECORDS 

Once on-site activities have been completed, the Field Logbook shall be considered a quality assurance 
tr.cord. 

7.0 REFERENCES 

None. 
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QUALITY CONTROL SAMPLES 

1.0 	PURPOSE 

The SOP describes the type and quantity of Quality Control (QC) samples to be collected for most field 
sampling opetations. 

2.0 	SCOPE 

QC samples are those samples (usually collected in the field) that are sent to the laboratory along with the 
environmental samples in order to evaluate site conditions and laboratoryprecision and accuracy. Evaluation 
of the results from the QC samples allows for the quality of the data to be assessed. There are five different 
type of QC samples: trip blanks, equipment rinsate blanks, 5eld blanks, duplicates and matrix spike/matrix 
spike duplicate (MS/MSD) samples. The flrst three types ofQC samples are used to assess field conditions 
during sampling and/or transport of the environmental samples. ThelattertwotypesofQCsamplesareused 
bythe laboratory to help assess precision and accuracy. (The laboratory also has other intemal samples and 
procedures to assess precision and accuracy.) 

Depending on the level of data quality required by the project, different amounts of QC samples are 
collected. These are described in detail below. 

3.0 	DEFINITIONS 

Trip Blank  - Trip blanks are 40-m1 volatile organic analysis (VOA) vials of ASTM Type Il water that are 
filled at.the laboratocy, transported to the sampliugsite, and returned to the laboratorywith environmental 
VOA samples. Trip blanks are not opened in the field. 

Eguipment Rinsates  - Equipment rinsates are samples ofASTM Type Il water (provided by the laboratory) 
passed over decontaminated sampling equipment. They are used as a measure of the effectiveness of the 
decontamination procedure. The rinsate is analyzed for the same parameters as the environmental samples 
collected from the piece of equipment. 

Field Blanks  - Field blanks are samples of source water used for decontamination and steam cleaning. At 
a minimum there is one sample collected for each source of water used persampling event. The field blank 
is analyzed for all the parameters tested during the sampling event. 

Duplicates  - Duplicates are collected to help assess laboratory reproducibility (precision). Solid matrix 
samples are homogenized before being split, except for VOAs, which are not homogenized because of 
potential volatile loss. Liquid matrix samples are collected simultaneously. For both solid and liquid 
matrices, double the normal volume is required. The same analyses are completed on the duplicate as on the 
environmental sample. 

MS/MSD  - MS/MSD samples are used by the laboratory (but collected in the field) to help determine both 
precision and accuracy of analysis. For liquid matrices, triple the volume ofsample is required (that is, one 
volume for the environmental sample, one volume forthe MS sample, and one volume for the MSD sample). 
For solid matrices, additional volume is usually not required (although this will depend upon the laboratory). 
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MS/MSD  - MS/MSD samples are used by the laboratory (but collected in the field) to help determine both 
precision and accuracy of analysis. For liquid matrices, triple the volume of sample is required (that is, one 
volume for the environmental sample, one volume for the MS sample, and one volume for the MSD sample). 
For solid matrices, additional volume is usually not required (although this will depend upon the laboratory). 

4.0 	RESPONSIBIEITIES 

The Project Manager is responsible for estimatine the number of QC samples required for any sampling 
event. The procedures for determining the number is described in Section 5.0 below. The Field Team 
Leader is responsible for making sure that the sampling team(s) are collecting the required number of QC 
samples. The Field Team member(s) are responsible for understanding the rationale and methods for QC 
sample collection and for coordinating QC sample collection as appropriate. 

5.0 PROCEDURES 

The procedures for QC sample collection and the frequency at which each type of sample should be collected 
is described below. 

5.1 	Trip Blanks 

Trip blanks (one pair of 40 ml vials) are sent to the laboratory in each cooler which contains s?mples for 
volatile organic analyses. The trip blank should also be kept. in the field, with the volatile samples, during 
the period of sample collection. Analyses of the trip blank will determine if the sample containers were 
contaminated'prior to sampling or during transport. 

5.2 	Equipment Rinsates  

Equipment rinsates are collected by pouring analyte-free water (provided by the laboratory) over 
decontaminated sampling equipment and collecting the rinsate. These are collected at a frequency of once 
per 10 samples and are analyzed for the same parameters as are the samples collected from tfiat equipment. 
If two (or'more) different types of equipment are used to collect samples in the same day (say by two field 

teams, one collecting soil samples from split spoons and one collecting groundwater from bailers), then two 
separate rinsate samples may be collected. The rinsate blank is used to qualify data. 

5.3 	Field Blanks  

One field blank per source of water used for decontamination per sampling event is colFected for all the 
parameters analyzed during that sampling event. In general, two field blanks are collected - one from the 
potable water source used for steam cleaning and one from distilled water purchased at a local store for use 
in general decontamination. The field blank is collected by opening up the water source at the sampling 
locations and pouring the water directly into the appropriate sample bottles. Analysis of the sample will 
indicate whether contamination was introduced into the samples during the collection process. 
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5.4 	Field Duplicates 

Field duplicates are collected at a frequency of 10 percent (one duplicate or per 10 samples) for levels C and 
D__analyses, arid at 5 percent (or one duplicate per 20 samples) for Level E analyses. The samples are split 
as described above and. in  other SOPs related to sample collection procedures. The number of duplicates to 
collect for levels C and D analvses is determined as follows: 1-10 environmental samples. I duplicate: 11-20 
environmeii[af"samples, 2 duplicates; 21-30 environmental samples. 3 duplicates. etc. Field duplicates are 
useful in documenting the precision of the sampling process. 

5.5 	MS/MSD 

MS/MSD samples are collected in the same manner as for a duplicate sample, except that triple the volume 
is required for analysis (for liquids). Generally no additional volume is required by the laboratorv for solid 
samples (confirm with A21). The frequency of collection is one MS/MSD pair (or two additional sample 
volumes) for each 20 environmental samples collected of similar matrix (e.g_ groundwater, surface water, 
soil). The number of MS/MSD samples to collect is determined as follows: 1-20 environmental samples, 
one MS/MSD pair; 21-40 environmental samples, two MS/MSD pairs, etc. 

6.0 SAMPLE COLLECTION RECORDS AND EVALUATION 

Records of collection of QC samples are kept in the field logbooks and on the Chain-of-Custody forms. 
Evalu•ation of the results from the QC samples is performed by the laboratory and through data validation 
for the MS/MSD samples. Results of the other QC samples are compared to analvtical results from the 
sampling event to determine if any field procedures, or sample transportation/handling may have adversely 
affected the concentrations found in the e,nvironmental samples. 

7.0 	REFERENCES 

Hazardous Waste Remedial Actions Proeram. 1990.  Reguirements for Oualitv Control of Anahnical Data.  
DOE/HWP-6>/R1, US Department of Energy, Oak Ridge, Tennessee. 

USEPA, 1988., 	User's Guide to the Contract Laboratory Program.  9240.0-1, Offce of Emergency and 
Remedial Response, Washington, D.C. 

USEPA, 1990.  Qualitv Assurance/Oualitv Control Guidance for Removal Activities - Samoline OA/OC  
Plan and Data Validation Procedures (lnterim Final).  EPA/540/G-90/004, Office of Emergency and 
Remedial Response. Washington. D.C. 
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AQIIIFER TESTING 
(PIRyiP -TESTS) 

1.0 PURPOSE 

This SOP provides a general description of the technical methods and field procedures of a representative 
suite of aquifer testing (pump-tests) to calculate the aquifer parameters. Well-head testing (slug tests) to 
approximate part ofthese parameters is discussed in SOP F402. The descriptions herein are genera) in nature 
and do not apply tb a specific well, well-5eld or project. Prior to designing pump-tests as part of a site 
investigation and during execution of the tests, the Project Manager, Site Manager and Program 
Geohydrologist must consult on the appropriate procedures; these procedures must then be recorded in the 
project documents. 

	

2.0 	SCOPE 

The aquifer tests apply both to consolidated and unconsolidated strata; and to confined, semiconfined and 
phreatic conditions. The aquifer parameters subject to evaluation are: 

(Primary) Aquifer Parameters 
> 	The Coefficient ofTransmissivity 
> 	The Cocfficient of Storage 
(Secondary) Aquifer Characteristics 
~ 	 The Hydraulic Conductivity 
~ 	 The saturated thickness of the aquifer 

	

3.0 	DEFINTPIONS 

The following definitions are extracted or abstracted from standard references (Section 7); further 
discussions are available in those references. 

Darcian Conditions - Darcian conditions are found where a saturated groundwater system has established 
an actual or potential flow regime under ahead developed within that groundwater system, according to the 
provisions of Darc}rs Law and within the boundary conditions for that law. 

Gravitv Flow - Gravity flow (vadose conditions) is found where a saturated or unsaturated groundwater 
system lies within a regime where movement by gravity drainage and capillarity dominate. 

Coefficient ofTransmissivitv (T)-The transmissivity (T) is the rate (for example, in gallons per day per foot 
of drawdown [gpd/R]) at which water of the prevailing kinematic viscosity is transmitted through a unit 
width of the aquifer under a unit hydraulic gradient (Lohman 1979). The transmissivity is mathematically 
equivalent to the hydraulic conductivity multiplied by the saturated thickness: T= Kb. 

Coefficient of Storaee (S) - The storage coefficient (S) is the (dimensionless) volume of water an aquifer 
releases from or takes into storage per unit surface area of the aquifer per unit change in head (Lohman 
1979). 
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Hydraulic Conductivitv (K) - A medium has a hydraulic conductivity (R) of unit length per unit time (for 
exatttple, feet per day (8/d)) if it will transmit in unit time a unit volume of groundwater at the prevailing 
viscosity through a cross-section of unit area, measured at right angles to the direction of flow, under a 
hydraulic gradient of unit change in head through unit length of flow (L.ohman 1979). 

Saturated Thickness (b) - The saturated thickness (b) is the distance (for example, in feet [ft]) from the 
elevation of the upper groundwater surface in either a phreatic system (the water table) or a confined or 
semiconfined system (the lower boundary of the upper confining or semiconfining layer, but not the 
potentiometric surface in a well) to the elevation of the upper boundary of the lower confining or 
semicon5ning layer for the aquifer or water-bearing layer. 

Production (DischarQe/In iection) Wel l- The production or discharge/inj ection well in a pump-test is the weil 
from which water is extracted or into which water is injected for the test. 

Observation Well - An observation well is sited near the production well, with an interception interval 
within, or (at least potentially) in hydrologic or hydraulic communication with, the water-bearing layer 
intercepted by the production well. 

Radial Distance (r) - The radial distance (r) used in pump-test calculations is the horizontal distance, usually 
in feet (ft), between the production well and the specified observation well. 

Drawdown (s) - The drawdown (s) in any well affected by a pump-test is the differential distance, usually 
in feet (ft), between the static (unstressed) water level in the production or observation well measured 
immediately prior to the test, and the (stressed) water level at the specified time during the test. 

Discharge/iniection Test- The discharge/injection test stage is the part ofthe pump-test during which water 
is withdrawn from or injected into the water-bearing layer. The rate of discharge/injection (Q) is typically 
reported in gal lons per minute (gpm) and is usual ly constant across this part of the pump-test; a stepped test 
may also be conducted, where Q is varied in a controlled manner. 

Recoverv Test - The recovery test stage follows cessation ofdischarge/injection during the pump-test, and, 
for calculation, uses the Q value of the constant discharge/injection test stage or a weighted value of Q of 
the stepped test. 

ConBned Conditions - Confined conditions in a water-bearing layer are found where the groundwater is 
bounded vertically by opposed surfaces or Iayers that are impermeable to water, and where the total head of 
the system at the upper surface of the groundwater is greater than atmospheric pressure. For a confined 
system, when a well is drilled below the bottom of the upper confining layer, the water level in the well rises 
to an elevation (at least) within or (possibly) above the upper confining layer. 

U_nconfined (Phreatic) Conditions - Unconfined conditions in a water-bearing layer are found where the 
groundwater is bounded vertical ly only by a single surface or layer at the bottom of the water-bearing layer 
that is impermeable or semipermeable to water, and where the total head of the system at the upper surface 
of the groundwater is equal to atmospheric pressure. For an unconfined or phreatic or water-table system, 
when a well is drilled below the upper surface of the groundwater, the water level in the well does not rise 
to a signi5cantly higher elevation. 
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Semiconfined Conditions - Semiconfined conditions in a water-bearing layer are found where the 
groundwater is bounded vertically by opposed surfaces or layers that are less pemieable to water than the 
water-bearing layer itself, and where the total head of the system is greater than atmospheric pressure. For 
a semiconfined system, when a well is drilled below the bottom ofthe upper semiconfining layer, the water 
level in the well rises to an elevation within or above the upper semicon5ning layer. However, one or both 
of the semiconfining layers will be, in some fashion, in hydraulic and hydrologic communication with the 
water-bearing layer, and may contribute cvater to or receive water from that layer. 

4.0 	RESPONSIBILTTIES 

Proiect ManaQer - The Project Manager is responsible for ensuring that project-specific plans are in 
accordance with these procedures, where applicable, or that other, approved procedures are developed. The 
Project Manager is responsible for development of documentation procedures which deviate from those 
presented herein. 

Site Manaeer - It is the responsibility of the Site Manager to ensure that the proceduras herein are 
implemented in the field and to ensure that personnel performing sampling activities have been briefed and 
trained to execute these procedures. 

Field Geoloaist - Responsible for determining the need for hydrogeologic testing and has overall 
responsibility for the planning and implementation ofthe test_ Evaluation and interpretation of the data is 
also the responsibility of the Field Geologist. 

Program Geohvdroloaist - Responsible for QA/QC oversight of the planning and implementation of the test, 
along with the evaluation of data generated by tlietest. 

5.0 PROCEDURES 

The procedures presented in this section concern the administration and execution of pump-tests; the 
technical cootent of a given test will be established bythe project and program management for each instance 
according to experience and best professional practice. 

5.1 	Overview 

The pump-test will confonn to the objectives ofthe investigation and to standards of good practice common 
in geohydrologic investigations. Sufficient personnel, and sufficient standard and special equipment will 
be available for the intentions ofthe test. Data collection will conform to the practice described in SOP F202 
(Water Level, Water/Product Level Measurements and Well Depth Measurements); additionally, time will 
be measured and recorded no less precisely than the nearest minute or half-minute, as appropriate, and 
pumpage rates will be measured to the limits of accuracy of the meter while conforming to the intent of the 
test. Containment and disposal of discharged liquids will conform to the practice described in SOP F504 
(Handling of Site Investigation Wastes). 
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5.2 	Anplications 

The pump-test will usually be divided into five stages: 

I. Static measurement 
2. Preliminary test 
3. Equilibration 
4. Discharge/injection test 
5. Recovery test 

The second and third stages may be deleted or expanded. 

5.2.1 Static Measurement 

This stage of the pump-test provides the data on static conditions to be used in subsequent calculation ofthe 
aquifer parameters. The static water levels are to be measured no later than immediately prior to the 
preliminary tests or to the first discharge/injection stage of testing in all wells available for the tesL The 
levels also should have been measured once daily, if possible, for two or more days preceding the test; the 
optimal measurement program would provide continuous measurement and recording of levels in all wells 
to be used for a period of several weeks preceding pumpage/injection. 

5.2.2 Preliminary Test 

Preliminary tests will consist of short periods of pumpage or injection at one or a number of rates of 
discharge/injection. The objectives will be to: 

• 	Predict a probable rate or successive rates of discharge/injection that can maintain a total 
variation of drawdown or impression within 50 to 75 percent of the available range (the 
discharge/injection test stage itself can accommodate up to 100 percent of this range); 

Discover observation wel ls responding especial ly rapid ly or in an exaggerated fashion to the 
stress induced by discharge/injection; and, 

Provide a general trial of the test system (in particular, that all piping is secure, that all 
devices perform properly and that the discharge from the pumping well does not provide 
recharge to the water-bearing layer). 

5.23 Equilibration 

The equilibration stage follows the preliminary test to allow return to similar conditions of static levels as 
those measured before the preliminary tesL Calculation of the main test while the water-bearing layer is 
recovering from the effects of the preliminary test is unnecessarily tedious and subject to error. 
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5.2.4 Discharge/Injecti®n Test 

The discharge/injection stage of the pump-test imposes a stress on the water-bearing layer by withdrawing 
or injecting water at one or more points (the production well or well-field). The measurements ofthe rates 
of discharge/injection and of the drawdown in the observation wells provide data used in calculation of the 
aquifer parameters. The test should be planned to use between 50 and 75 percent ofthe available drawdown 
in the production well, but may use up to 100 percent, at the discretion of the Site Manager and Field 
Geologist. 

The rate of discharge/injection may be constant or systematically varied. The duration of this stage of the 
test will be a marginally acceptable minimum ofeight hours, with a preferred minimum of24 hours for tests 
under confined conditions and a prefen -ed minimum of 72 hours for tests of unconfined conditions. (This 
stage can be extended to three or more weeks, according to the intentions of the site investigation.) 

5.2.5 Recovery Test 

The recovery stage will last a minimum of 200 minutes a8er cessation of discharge/injection, and usually 
eight hours. This stage monitors the retum to equilibrium of the stressed water-bearing layer. Calculations 
on this stage of the test are used to coaoborate or replace the calculations on data from the 
discharge/injection test; under certain conditions, this stage provides more reliable information than the 
discharge/injection stage. 

53 	Measurements and Measurement Intervals 

53.1 WaterLeveJs  

The measurement intervals for water levels in responding observation wells during the discharge/injection 
stage and in both the production well and the responding observation wells during recoverywill be modified 
from the following suggestions: 

Time Since Start of 
Discharge/Injection 	 Measurement 
or Recoverv (min) 	 Freguency (min) 

0-5 0.5 
5-10 1 
10-20 2 
20-50 5 
50-] 00 10 
100-200 20 
200-500 50 
500-1000 100 
1000-2000 200 
2000-5000 500 
5000-10000 1000 
10000-20000 2000 
20000-50000 5000 



Page 7 of 8 

Since the crew for the test must monitor conditions in addition to the water levels, a reading interval of not 
more than 100 minutes is usually reasonable. The actual time and the test time for each reading will be 
recorded, with the water level measured to a precision of 0.01 ft. 

The sequence of stations read and the frequency of readings will be established by project and program 
management prior to the test, and will be adjusted according to site conditions during the test. 

53.2 Flow Rates 

Flow rates for the discharge/injection stage of the test will be measured by a suitable device. Readings will 
usually be made at intervals of not more than 100 minutes, possibly following an initial period of more 
frequent readings while the pump stabilizes. 

533 Field Parameters 

The field parameters oftemperature, specific c.:,nductance and pH (SOP F201) for the discharge/injection 
stage ofthe test will be measured by suitable devices. Readings will usually be made at intervals of not more 
than 1000 minutes, possibly following an initial period of more frequent read ings wh i) e the pump stabil izes. 

53.4 Surveying 

The radial distance between the production well and an observation well will be measured to a precision of 
not less than one percent, either by chaining or inspection, or by land survey. The measuring points forwater 
levels need not be surveyed to an accuracy of 0.01 feet, although this is highly desirable for other reasons 
related to the site investigation. 

5.4 	Calculation Methods 

Calculation of the aquifer parameters will follow standard practice, with particular reference to the resources 
of Section 7, or as otherwise noted in the calculation seq uence. A computer program, AQTESOLV (Duffield 
and Rambaugh) or similar or equivalent program, may also be used, provided that not less than 10 percent 
of the stations monitored also are calculated by traditional methods. 

The calculations will particularly note if the test performance or the resultant calculations indicate a 
departure from Darcian conditions into vadose flow. Should this be decided, a statement will be made that, 
although calculations can be made, the calculations are invalid and the values are only roughly approximate; 
in such case, no valid calculation can be made and no similar pump-tests should be planned forthe particular 
site or area of a site. 

6.0 QUALITY ASSURANCE RECORDS 

The readings made during the pump-test may be recorded in Field Logbooks or on separate fonns, according 
to management decisions. The Field Logbooks will be stored according to SOP F303, with photocopies of 
the specific pages with pump-test data included in the file for each test. The file for each test will include 
the field data, the calculations and graphs, and summaries with references for calculations by computer 
program. 
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WELL-IIEAA TESTING 
(SLUG-TESTS) 

This SOP provides a general description of the technical methods and 5eld procedures of a representative 
suite ofwell-head testing (slug tests) to approximate part of the aquifer parameters. The well-head tests are 
to be considered at all times as a reconnaissance of the aquifer parameters across an area (the site under 
investigation); theyare never reliable as definitive calculations of those parameters either at a point (an 
individualwell)oracrossanan:a(thewell-field). Aquifer testing (pump-tests) to calculate these parameters 
is discussed in SOP F401. The descriptions herein are general in nature and do not apply to a specific well, 
well-field or project. Prior to designing well-head tests as part of a site investigation and during execution 
of the tests, the Project Manager, Site Manager and Program Geohydrologist must consult on the appropriate 
procedures; these procedures must then be recorded in the project documents. 

2.0 	SCOPE 	 — 

The well-head tests applyboth to consolidated and unconsolidated strata; and to con5ned, semiconfined and 
phreatic conditions. The aquifer parameters subject to evaluation and approximate calculation are the 
Coefficient of Transmissivity and the Hydraulic Conductivity. 

3.0 	DEFINTTIONS 

The following definitions are extracted or abstracted from standard references (Section 7); further 
discussions are available in those referenoes.  

Hvdraulic Conductivitv (K)  - A medium has a hydraulic conductivity (K) of unit length per unit time (for 
example, feet per day [ft/d]) if it will transmit in unit time a unit volume of groundwater at the prevailing 
viscosity through a cross-section of unit area, measured at right angles to the direction of flow, under a 
hydraulic gradient of unit change in head through unit length of flow (Lohman 1979). 

Coefficient of Transmissivity (T)  - The transmissivity (T) is the rate (for example, in gallons per day per foot 
of drawdown [gpd/ft]) at which water of the prevailing kinematic viscosity is transmitted through a unit 
width of the aquifer under a unit hydraulic gradient (Lohman 1979). The transmissivity is mathematically 
equivalent to the hydraulic conductivity multiplied by the saturated thickness: T= Kb. 

Saturated Thickness (b) ' The saturated thickness (b) is the distance (for example, in feet [ft]) from the 
elevation of the upper groundwater surface in either a phreatic system (the water table) or a confined or 
semiconfined system (the lower boundary of the upper confining or semicon5ning layer, but not the 
potentiometric surface in a well) to the elevation of the upper boundary of the lower confining or 
semiconfining layer for the aquifer or water-bearing layer. 

Drawdown (s)  - The drawdown (s) in any wel l affected by a wel l-head test is the differential d istance, usually 
in feet (ft), between th e static (unstressed) water 1 evel in th e wel l measured immed iately prior to the test, and 
the (stressed) water level at the speci£ed time during the test. 

~ 
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` 	Falline-Head Test  - The falleng-head test is conducted where the static water level in the subject well is 
nearly instantaneously displaced vertically upward at the initiation of the test; the decay of this artificially 
impressed head is measured against time to provide data forthe calcul ation of conductivity .  or transmissivity. 

Risin¢-Head Test  - The rising-head test is conducted where the static water level in the subj ect well is nearly 
instantaneously displaced vertically downward at the initiation of the test; the decay of this arti5cially 
depressed head is measured against time to provide data for the calculation of conductivity ortransmissivity. 

Confined Conditions  - Confined conditions in a water-bearing layer are found where the groundwater is 
bounded vertically by opposed surfaces or layers that are impermeable to water, and where the total head of 
the system at the upper surface of the groundwater is greater than atmospheric pressure. For a confined 
system, when a well is drilled below the bottom ofthe upper confining layer, the water level in the well rises 
to an elevation (at least) within or (possibly) above the upper confining layer. 

Unconfined (Phreatic) Conditions  - Unconfined conditions in a water-bearing layer are found where the 
groundwater is bounded vertically only by a single surface or layer at the bottom of the water-bearing layer 
that is impermeable or semipermeable to water, and where the total head of the system at the upper surface 
of the groundwater is equal to atmospheric pressure. For an unconfined or phreatic or water-table system, 
when a well is drilled below the upper surface of the groundwater, the water level in the well does not rise 
to a significantly higher elevation. 

Semiconfined Conditions  - Semiconfined conditions in a water-bearing layer are found where the 
groundwater is bounded vertically by opposed surfaces or layers that are less permeable to water than the 
water-bearing layer itself, and where the total head of the system is greater than atmospheric pressure. For 
a semiconfined system, when a well is drilled below the bottom of the upper semiconfining layer, the water 
level in the well rises to an elevation within or above the upper semiconfining layer. However, one or both 
of the semiconfining layers will be, in some fashion, in hydraulic and hydrologic communication with the 
water-bearing layer, and may contribute water to or receive water from that layer. 

4.0 	RESPONSIBILTI'IES 

Project Mana¢er  - The Project Manager is responsible for ensuring that project-specific plans are in 
accordance with these procedures, where applicable, or that other, approved procedures are developed. The 
Project Manager is responsible for development of documentation procedures which deviate from those 
presented herein. 

Site ManaQer  - It is the responsibility of the Site Manager to ensure that the procedures herein are 
implemented in the field and to ensure that personnel performing sampling activities have been briefed and 
trained to execute these procedures. 

Field Geoloeist  - Responsible for determining the need for hydrogeologic testing and has overall 
responsibility for the planning and implementation of the test. Evaluation and interpretation of the data is 
also the responsibility of the Field Geologist. 

ProQram Geolo¢ist  - Responsible for QA/QC oversight of the planning and implementation ofthe test, along 
with the evaluation of data generated by the test_ 
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5.0 PROCEDURES 

The procedures presented in this section concern the administration and execution of well-head tests; the 
technical content ofagiven test will be established bythe project and program management foreach instance 
according to experience and best professional practice. 

5.1 	Overview 

The well-head test-will conform to the objectives of the investigation and to standards of good practice 
conunon in geohydrologic investigations. Sufficient personnel, and sufficient standard and special 
equipment will be available for the intentions of the test. Data collection will conform to the practice 
described in SOP F202 (Water Level, Water/ProductLevel Measurements and Well Depth Measurements); 
additionally, time will be measured and recorded no less precisely than the nearest minute or half-minute, 
as appropriate, while conforming to the intent of the test. Containment and disposal of discharged7iquids 
will conform to the practice described in SOP F504 (Handling of Site Investigation Wastes). 

5.2 	Annlications 

The well-head test will usually be divided into three stages: 

Static measurement 
2. Falling-head test 
3. Rising-head test 

Each stage will normally be mn for no more than 30 minutes. The water level in the test well should recover 
to between 90 and 100 percent of static conditions before beginning the next stage. Should the recovery be 
less than acceptable after 30 minutes from the start of the first stage, or should other field cond itions conspire 
adversely, the second stage will not be run. Measurements of recovery during the first stage may then be 
extended to 60 minutes. 

5.2.1 Static Measurement 

This stage ofthe well-head test providesthe data on static cond itions to be used i.n. subsequent approximation 
of the aquifer parameters. The static water levels are to be measured no later than immediately prior to the 
first stage of the test, whether falling-head or rising-head. The levels should also have been measured once 
daily, if possible, for two or more days preceding the test; the optimal measurement progcam would provide 
continuous measurement and recording of levels in all wells to be used for a period of several weeks 
preceding well-head testing. 

5.2.2 Falling-Head Test 

The falling-head stage ofthe well-head test is usuallyconducted before the rising-head. This stage imposes 
a stress on the water-bearing layer by nearly instantaneously injecting water or introducing a solid slug of 
impermeable material at one point (the test we11). This is usually repeated at a►arge number ofthe available 
wells in the well-field. The measurements ofthe rate ofrecovery ofthe drawdown in the well provides data 
used in approximation of the aquifer parameters. The test should be planned to use between 50 and 75 
percent of the available displacement in the well, but may use between I and 100 percent, at the discretion 
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ofthe Site Manager. The use of a solid slug is favored by the progtam. The impressed head developed by 
this test must rise above the top of the well screen. 

5.23 Rising-Head Test 

The rising-head stage of the well-head test imposes a stress on the water-bearing layer by nearly 
instantaneously extracting water or removing a solid slug of impermeable material at one point (the test well). 
This is usually repeated at a large number ofthe available wells in the well-field. The measurements ofthe 
rate of recovery ofthe drawdown in the well provides data used in approximation ofthe aquifer parameters. 
The test should be planned to use between 50 and 75 percent of the available displacement in the well, but 
may use between I and 100 percent, at the discretion of the Site Manager. The use of a solid slug is favored 
by the program. 

53 	Measurements and Measurement Intervals 

The measurement intervals for water levels in the test well during each stage will be modified from the 
following suggestions: 

Time Since Start of Test (min) 	Measurement Freouency (min)  

0-5 	 0.5 
5-10 	 1 
10-z0 	 z 
z0-60 	 5 

The actual time and the test time for each reading will be recorded, with the water level measured to a 
precision of 0.01 ft. 

The sequence of stations tested and the frequency of readings will be established by project and program 
management prior to the tests, and wil! be adjusted according to site conditions during the tests. 

5.4 	Calculation Methods 

Calculation ofthe approximate values ofthe aquiferparameters will follow standard practice, with particular 
reference to the resources of Section 7, or as otherwise noted in the calculation sequence. A computer 
program, AQTESOLV (Duffield and Rambaugh) or similar or equivalent, may also be used; ifthe computer 
program is used, an example that has previously been verified by traditional calculation will be run as part 
of the data from the subject site. 

6.0 QUALITY ASSURANCE RECORDS 

The readings made during the well-head test may be recorded in Field Logbooks or on separate forms, 
according to management decisions. The Field Logbooks will be stored according to SOP F303, with 
photocopies of the specific pages with test data included in the file for each test. The file for each test will 
include the field data, the calculations and graphs, and summaries with references for calculations by 
computer program. 
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1.0 	PIIRPOSE 

The purpose of this SOP is to provide a general reference regarding the proper decontamination of drilling 
rigs and monitoring well materials used in the performance offield investigations. 

2.0 	SCOPE -, 

This procedure addresses drilling equipment, test pit equiptnent (i.e. backhoe) and monitoring cvell material 
decontamination and should be consulted during the preparation of project-specific plans. This procedure 
does not pertain to personnel decontamination, or to chemical sampling or field analytical equipment 
decontamination. 

3.0 

Decontamination  - Decontamination is the process of removing or neutralizing contaminants which may 
have accumulated on field equipment. This process ensures protection of personnel from penetrating 
substances, reduces or eliminates transfer of contaminants to clean areas, prevents mixing of incompatible 
substances, and minimizes the likelihood of sample cross-contamination. 

4.0 	RESPOIVSIBILITIES 

Proiect ManaQer  - It is the responsibility of the Project Manager to ensure that project-specific plans are 
in accordance with $iese procedures. Documentation should be developed for areas where project plans 
deviate from these procedures. 

Field Team Leader  - It is the responsibility of the Field Team Leader to ensure that these procedures are 
implemented in the field. The Field Tea,n Leader is responsible for ensuring the field personnel overseeing 
decontamination activities, and personnel conducting the activities have been briefed and trained to execute 
these procedures. 

Drilling Inspector  (Site Geologist, Rig Geologist etc.) - It is the responsibility of the drilling inspector to 
ensure that the drilling subcontractor follows these, or other project-specific procedures as directed by the 
Field Team Leader, 

5.0 PROCEDURE 

The various drilling equipment and materials involved with test boring, test pit excavation, subsurface soil 
sampling, and monitoring well construction must be properly decontaminated to ensure that chemical 
analysis results retlect actual concentrations present at sampling locations_ These procedures will minimize 
the potential for cross contamination between sampling locations and the transfer of contamination off site. 
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5.1 	Eguipment 

All drilling equipment involved in field sampling activities shall be decontaminated prior to drilling, 
excavation,orsamplingactivities. Such equipment includes drilling rigs, backhoes, augers, downhole tools, 
well casings, and screens. Split-spoon soil samplers and other similar soil sampling devices shall be 
decontarninated according to the procedures given in SOP F502, Decontamination of Sampling and 
Monitoring Equipment 

	

5.2 	Decontamination Procedures  

Prior to drilling, or leaving the site, large equipment not directly utilized for sampling wil l be decontaminated 
by steam-cleaning in a designated area. The decontamination procedure consists of steam-cleaning the 
equipment, using potable Nyater as the steam source, to remove visible signs of soils or wastes, and allowing 
the equipment to air dry. If necessary, the equipment may be cleaned with a scmb brush and 
alconox/liquinox-water solution prior to steam cleaning to remove visible signs of contamination. 

The steam cleaning area will be designed to contain decontamination wastes and waste waters, and can be 
a lined, excavated pit or a bermed concrete pad or asphalt pad. For the latter, a floor-drain must be provided 
which is connected to a holding sump. A shallow, above-surface tank may be used or a pumping system 
with discharge to a waste tank may be installed. 

At certain sites, due to the type of contaminants or proximity to residences, concems may exist about air 
emissions from steam cleaning operations. These concems can be alleviated by utilizing one ormore ofthe 
following practices: 

Locate the steam cleaning area on site to minimize potential impacts. 

Enclose steam cleaning opemtions. For example, augers and drilling rods can be steam 
cleaned in drums. Tarpaulins also can be placed around the steam cleaning area to control 
emissions. 

Decontamination wastes will be collected and contained unless otherwise directed bythe RegulatoryAgency. 
The eventual disposition of these wastes will be detPrmined on a project-specific basis, but may include 
on-site treatment and/or transport offf site to an approved treatmen[/disposal facility. 

6.0 QUALITY ASSURANCE RECORDS 

Rinsate samples may be collected from steam-cleaned equipment as quality assurance records. The 
frequency of rinsate samples from either drilling tools or well casings/screens shall be specified in the 
Sampling and Analysis and Quality Assurance Project Plans for a given project, as appropriate. 
Documentation in the Field Logbook also shall serve a.s a quality assurance record of decontamination 
activities. 

7.0 REFERENCES 

None. 
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1.0 PURPOSE 

The purpose of this SOP is to provide a general methodology and protocol, and to reference information for 
the proper decontamination of field chemical sampling and analytical equipment_ 

2.0 	SCOPE 

This procedure applies to all field sampling equipment including, but not limited to, split-barrel soil samplers 
(split-spoons), bailers, beakers, trowels, 5itering apparatus, and pumps. This procedure should be consulted 
when decontamination procedures are being developed as part of project-specific plans. Additionally, 
current USEPA regional procedures and decontamination guidance as well as state guidance should be 
reviewed. 

3.0 DEFINITIONS 

Decontamination  - Decontamination is the process ofremoving or neutralizing contaminants which may have 
accumulated on field equipment. This process ensures protection ofpersonnel from penetrating substances, 
reduces or eliminates transfer of contaminants to clean areas, prevents mixing of incompatible substances, 
and minimizes the likelihood of sample cross-contamination. 

4.0 	RESPONSIBILTTIES 

Proiect Manaeer  - It is the responsibility ofthe Project Manager to ensure that project-specific plans are in 
accordance with these procedures. Documentation should be developed for areas where proj ect plans deviate 
from these procedures. 

Field Team Leader  - It is the responsibility of the Field Team Leader to ensure that these procedures are 
implemented in the field. The Field Team Leader is responsible for ensuring field personnel performing 
decontamination activities have been briefed and trained to execute these procedures. 

Sampline Personnel  - It is the responsibility of field sampling personnel to follow these procedures, or to 
follow documented, project-specific procedures as directed by the Field Team Leader. 

5.0 PROCEDURES 

In order to ensure that chemical analysis results reflect actual concentrations present at sampling locations, 
sampling equipment must be properly decontaminated prior to the 5eld effort, during the sampling program 
(i.e., between sampling locations) and at the conclusion of the sampling program. This will minimize the 
potential for cross-contamination between sampling locations and the transfer of contamination off site. 

Preferably, sampling equipment should be dedicated to a given sampling location. If this is not possible, 
equipment must be decontaminated between sampling locations_ Sampling personnel must use disposable 
gloves and change them between sampling locations. 
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5.1 	Sampline Eguinment Decontamination Procedures 

Soil and sediment sampling equipment including, but not limited to trowels, beakers, dredges, etc., shall be 
decontaminated using the following USEPP. procedures. 

USEPA 

Prior to use, all sampling equipment should be carefully cleaned using the following procedure: 

1. Clean with tap water and laboratory detergent using a brush if necessary to remove 
particulate matter and surface films. 

2. Rinse thoroughly with tap water. 

3. Rinse with 10 percent nitric acid rinse 

4. Rinse thoroughly with distilled-deionized water and allow to air dry. 
__ 	~ 	 ,~ 

5. Rinse with methanoi or hexane and allow to air dry. 	 _ 

6. Rinse thoroughly with distilled-deionized water and allow to air dry. 

7. Wrap with aluminum foil, if appropriate, to prevent contamination if equipment is going to 
be stored or transported. 

* 	Portable power augers (such as the Little Beaver®) or large soil boring/drill rigs should be 
cleaned before boring or drilling operations. 

* 	For badly contaminated equipment, a hot water detergent wash may be needed prior 
to the rinse procedure. 

* 	If the samples will not be analyzed for metals, then steps 3 and 4 may be omitted; if samples 
will not be analyzed for organics, then step 5 may be omitted. All solvents must be 
pesticide-grade. 

5.2 	Field Analytical Eguipment Decontamination 

Field analytical equipment which may come in direct contact with the sample or sample media, including, 
but not limited to water level meters, water/product level meters, pH or speci8c ion probes, specific 
conductivity probes, thermometers, and/or borehole geophysical probes must be decontaminated before and 
after use, according to the procedures outlined in Section 5.1, unless manufacturers instructions indicate 
otherwise. Probes that contact water samples not used for labomtory analyses may be rinsed with distilled 
water. Probes which make no direct contact (e.g. HNu or OVA probes) will be wiped clean with clean paper 
towels or an alcohol-saturated cloth. 
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6.0 QUALITY ASSURANCE 12ECORDS 

Iecontamination procedures ara monitored  through the collection of equipment rinsate samples and field 
blanks. Collection of these samples shall be specified in the project-specific Sampling and Analysis and 
Quality Assurance Plans. Documentation recorded in the Field Logbook also shall serve as a quality 
assurance record. 

7.0 

U. S. EPA Offioe of Waste Progmm Enforcement, 1986. RCRA Ground Water Monitorine Technical 
Enforcement Guidance Document (TEGD). OSWER Darective 9950.1. 

U. S. EPA, 1991. Standard Operatine Procedures and Ouality Assurance Manual. Environmental 
Compliance Branch, U. S. EPA Environmental Services Division, Athens, Georgia, 

Micham, J. T., IL Bellandi, E. C. Tifft, Jr., Sprmg 1989. "Equipment Decontamination Procedures for 
Ground Waterand VadoseZoneMonitoringProgram.s: Status and Prospects." inGround WaterMonitorinQ 
Review. 
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IIANDLING OF SITE INVESTIGATION DEI2IVED WASTES 

1.0 PURPOSE 

The purpose of this SOP is to provide guidance for the disposal of investigation derived wastes (IDW) 
generated under a field investigation program. 

2.0 SCOPE 
® 

This procedure describes the steps necessaryto dispose ofsite investigation derived wastes that are generated 
during field investigations. These wastes may be either hazardous or nonhazardous in nature. The nature 
of the waste (hazardous or nonhazardous) will determine how the wastes will be handled during the-field 
investigation. The sources of waste material depend on the site activities planned for a project The 
following types of activities (or sources) that are typical of site investigations, may result in the generation 
of waste material which must be properly handled: 

• Soil borings and monitoring well construction (drill cuttings) 
• Mud rotary drilling ( potentially contaminated mud) 
• Monitoring well development (development water) 
• Groundwater sampling (purge water) 
• Heavy equipment decontamination (decontamination fluids) 
• Sampling equipment decontamination (decontamination fluids) 
• Personal protective equipment [PPE] (health and safety disposables) 

3.0 DEFINITIONS 

Investieation Derived Waste (IDW) - A waste (hazardous or nonhazardous) generated during a field 
investigative task that has been properly labeled, stored, and containerized while awaiting final disposition. 
These wastes may include drilling muds, soil cuttings, and purge water from test pit and well installation; 
purge water, soil, and other materials from collection of samples; residues (e.g., ash, spent-carbon, well 
development purge water) from testing of treatment technologies and pump and treat systems; contaminated 
PPE; and solutions used to decontaminate non-disposablePPE and equipment (USEPA, April 1992, Guide 
to Management of Investigation-Derived Wastes). 

4.0 RESPONSIBILITIES 

Client - The Client must ultimately be responsible for the final disposition of site wastes. As such, a facility 
representative will usually prepare and sign waste disposal manifests as the generator of the material, in the 
event off-site disposal is required. However, it may be the responsibility of Baker, depending on the 
contingency discussions during execution ofthe investigation to provide assistance to the Client in arranging 
for 5nal disposition and preparing the manifests. 
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Proiect ManaQer - It is the responsibility of the Project Manager to select investigation methods that 
minimize the genetation of waste material, where possible, and to work with the Client in determining the 
final disposition of site investigation wastes. The Project Manager will relay the results and implications 
of the chemical analysis of the waste or associated material, and advise on the regulatory requirements and 
prudent measures appropriate to the disposition of the material. The Project Manager also is responsible for 
ensuring that the site manager and/or field team leader for the site, is familiar with the procedures to be 
implemented in the 5eld, and that all nequired field documentation has been completed. 

Site Manaeer/Field Team Leader - The Site Manager or Field Team Leader is responsible for the on site 
supervision of the waste handling procedures during the site investigations. The Site Manager or Field Team 
Leader also is responsible for ensuring that all other field personnel ara familiar with these procedures. 

5.0 PROCEDURES 

5.1  Preliminary Activities 

Prior to the initiation of site activities the expected sources, media, and method(s) of containerizing and 
staging of these materials will be identified. 

5.2 Desienation of Potentially Hazardous snd Nonbazardous IDW 

Wastes generated during the 5eld investigation can be categorized as either potentially hazardous or 
nonhazardous in nature. The designation of such wastes will determine how the wastes will be handled. The 
criteria for determ ining the nature of the waste, and the subsequent handling, is described below for each type 
of investigative waste. 

5.2.1 Drill Cuttings/Mud 

Drill cuttings and mud generated during the augering oftest (soil) borings and monitoring well installation 
boreholes, will be containerized in 55-gallon drums or in lined roll-offboxes. As the borehole is augered, 
and soil samples col lected, the site geologist wil l monitor the cuttings/samples with an HNu photoionization 
(PID) unit for organic vapors. ln addition, the site geologist will describe the soils in a Field Logbook. Upon 
completion, the soil borings.will be backfilled with a cement-bentonite grout. 

5.2.2 Monitoring Well Development and Purge Water 

AII site development and purge water shall be containerized in 55-gallon drums, tankers, or large 
(250-gallon) containers. 55-Gallon drums will initially be strategically located at the site (i.e., next to each 
wel l). 

5.2.3 Decontamination Fluids 

Equipment and personal decontamination fluids shall be containerized in 55-gallon drums or tanks, if 
appropriate. The fluids shall be collected from each of the 'decon"/wash pads on a daily basis_ 
Decontamination fluids containing solvents and/or acids may be containerized separately. 
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51.4 Personal Protective Equipment 

All personal protective equipment (e.g., tyvek, gloves, and other health and safety disposables) shall be 
double bagged and placed in a 55-gallon drum or a dump box, which will be either arranged by Baker or 
provided by the Client The Client assisted by Baker will ultimately dispose of these materials. 

5.3 Containerization 

Waste materials should be segregated to minimize disposal quantities ofhazardous materials. For instance, 
soils from a particular boring will be placed in a single set of containers for that boring. Development and 
purge water from a given well may be placed in the same set of containers; however, water from different 
wells should be placed in different containers unless otherwise stipulated by the Project Plans. 

Polyethylene or other suitably compatible liners will be used in roll-offboxes for solids. The containers are 
to remain closed except when 511ing, emptying or sampling. The container lid shall be securely attached at 
the end of each work day or when the container is completely empty. 

5.4 Labelina 

When 55-gallon dnims are used to containerize IDWs, the containerswill be closed, numbered and labeled 
bythe field team during the site investigation_ Information shall be recorded both on the container lid and 
its side. Container labels shall include, as a minimum: 

• Date 	- 	 - - 	 - 
• Site number 
• Project number 
• Boring or well number 
• Matrix (liquid, solid) 
• Contents (dev. water, decon fluids, etc.) 	— 
• Contaminant of concern (PCBs, solvents, metals, etc.) 

If Iaboratory analysis reveals that containerized materials are hazardous or contain PCBs, additional labeling 
of containers may be required. The project management will assist the Client in additional labeling 
procedures, if necessary, after departure of the field team from the facility. These additional labeling 
procedures will be based upon the identification ofmaterial present; EPA regulations applicable to labeling 
hazardous and PCB wastes are contained in 40 CFR Parts 261, 262 and 761. 

5.5 Container Storaee 

Containers of site investigation wastes shall be stored in a designated and secure area that is managed bythe 
client until disposition is determined. 

If the laboratory analysis reveals that the containers hold hazardous or PCB waste, additional storage and/or 
security measures may be implemented; in the absence of the investigation team, this will be the 
responsibility of Client assisted by Baker. 
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Baker will assist the Client in devising the storage requirements, which may include the drums being staged 
for easy access or on wooden pallets or other structures to prevent contact with the ground. Weekly 
inspections ofthe temporary storage area by facility personnel may also be required. These inspections may 
assess the structural integrity of the containers and proper container labeling. Also, precipitation that may 
accumulate in the storage area may need to be removed. These weekly inspections and precipitation removal 
events, shall be recorded in the site logbook. 

5.6 Container Disnosition 

The disposition of containers of site investigation generated wastes shall be determined by the Client and 
regulatory personnel with the assistance ofBaker, as necessary. Disposition ofthe containerized waste shall 
be based on quantity, types of material, and analytical results. If necessary, samples of the containerized 
waste may be collected for waste characterization purposes. Disposition will not be addressed until after 
receipt of applicable analytical results; these results are usually not available until long after completion of 
the field investigation at the facility. 

5.7 Disnosal of Contaminated Materials 

Actual disposal methods for contaminated materials disturbed during a site investigation are the same as for 
other PCB or hazardous substances: incineration, landfilling, treatment, and so forth. The responsibility for 
disposal must be determined and agreed upon by all involved parties during negotiations addressing this 
contingency. 

The usual course will be a contractor specialist rctained to conductthe disposal. However, regardless ofthe 
mechanism used, all applicable Federal, state and local regulations shall be observed. EPA regulations 
applicable to generating, storing and transporting PCB or hazardous wastes are contained in 40 CFR Parts 
262, 263 and 761. 

Another consideration in selecting the itiethod ofdisposal ofcontaminated materials is whether the disposal 
can be incorporated into subsequent site cleanup activities_ Forexample, ifconstruclion ofa suitable on-site 
disposal or treatment structure is expected, contaminated materials generated during the site investigation 
may be stored at the site for treatment/disposal with other site materials. In this case, the initial containment 
(i.e., drums or other containers) shall be evaluated for use as long-term storage. Also, other site conditions, 
such as drainage control, security and soil types must be considered in order to provide proper storage. 

6.0 QUALITY ASSURANCE RECORDS 

A container log shall be maintained in the Site Logbook. The container log shall contain the same 
information as the container label plus any additional remarks or information. Such additional infomtation 
may include the identification number of a representative laboratory sample. Weekly inspections of the drum 
or dump box storage areas will be performed and documented in the site log. 

7.0 REFERENCES 

40 CFR Parts 261, 262, 263 and 761. 



ATTACIIMENT A 

GENERALIZED 
SOIL GAS SURVEY STANDARD OPERATIPVG PROCEDURE 





I_ 	Probe Placement 

A. A clean probe (pipe) is removed from the "clean" storage tube. 
B. The soil gas probe is placed in the jaws of hydraulic pusher/puller mechanism. 
C. A sampling point is put on the bottom of the probe. 
D. The hydraulic pushing mechanism is used to push the probe into the ground. 
E. If the pusher mechanism will not push the probe into the ground a sufficient depth for 

sampling, the hydraulic hammer is used to pound the probe into the ground. Please note that 
concrete cutting may be required prior to probe placement pending sampling point location. 

F. The hydraulic pushing mechanism is used to pull the probe up a few inches releasing the 
sampling point 

II. 	Sample Extraction 

A. An adaptor is put onto the top of the soil gas probe. 
B. The vacuum pump is hooked onto the adaptor. 
C. The vacuum pump is tumed on and used to evacuate soil gas. 
D. Evacuation will be at least 30 seconds but never more than 5 minutes for samples having 

evacuation pressures less than 15 inches of inercury. Evacuation times will be at least I 
minute, but no more than 5 minutes for probes reading greater than 15 inches of inercury. 

E. Gauges on the vacuum pump are checked for inches of inercury. 
1. 	Gauge must read at least 2 inches of inercury less than maximum vacuum to be 

extracting sufficient soil gas to collect a valid sample. 

Ill. 	Sample Collection 

A. With vacuum pump running, a hypodermic syringe needle is inserted through the silicone 
rubber and down into the metal tubing or adaptor. 

B. Gas samples should only contact metal surfacesand never contact potentially sorbing materials 
(i.e., tubing, hose, pump diaphragm). 

C. The syringe is purged with soil gas then, without removing syringe needle from adaptor, a 10 
mL soil gas sample is collected. 

D_ 	The syringe and needle are removed from the adaptor and the end of the needle is capped. 
E. 	If necessary, a second 10 mL sample is collected using the same procedure. 

IV. Deactivation of Sampling Apparatus 

A. The vacuum pump is tumed off and unhooked from the adaptor. 
B. The adaptor is removed and stored with equipment to be cleaned. 
C. Using the hydraulic puller mechanism, the probe is removed from the ground. 
D. The probe is stored in the "dirty" probe tube. 
E. The probe hole is backfilled, if required. 



V. 	Log Book Notations for Sampling 

A. Time (military notation) 
B. Sample number 
C. Location (approximate description - i.e., street names) 
D. Sampling depth 
E. Evacuation time before sampling 
F. Inches of inercury on vacuum pump gauge 
G. Probe and adaptor numbers 
H. Number of sampling points used 
I. Observations (i.e., ground conditions, concrete, asphalt, soil appearance, surface water, odors, 

vegetation, etc.) 
J. Backfill procedure and materials, if used 

VI. Other Record keeping 

A. Data sheets are filled out, if required 
B. Sample location is marked on the site map 

Note: 

Typical soil gasJin situ groundwater sampling investigations include a Report ofResults from the Soil Gas 
Survey firm. Report format and content may vary; however, project specific requirements (i.e., Record 
keeping/documentation) should be identified and confirmed prior to on site operations. 
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SOII. GAS AND IN STTII GROUNDWATER SAMPIdNG SURVEYS 

I.0 PURPOSE 

The purpose ofthis SOP is to describe the methods and procedures involved in conducting a soil gas survey. 

2.0 SCOPE 

The methods described in this SOP are applicable to the detection of groundwater and soil contamination, 
determining the extent of the contamination, and identifying the source(s) of contamination. Soil gas 
monitoring provides a quick means ofwaste site evaluation. Using this method, underground contamination 
can be identified, and the source, extent, and movement of the pollutants can be traced. 

3:0 DEFINITIONS 

Dvnamic Device - A method whereby soil gas samples are extracted through a hollow steel tube using a 
vacuum extraction pump. 

Passive Device - A method where adsorption devices are implanted in the shallow surface soils. These are 
left in place for days or weeks. After a set time, the devices are dug out and sent out for analysis. 

Direct Connection - The direct transfer of soil gas into the on-site gas chromatograph (GC) via a vacuum 
pump. 

Syringe- Device used to transfer the soil gas sample into the GC. 

Gas Bulbs/BaQs - Devices to hold soil gas samples prior to analysis. 

4.0 RESPONSIBILITIES 

Proiect Manager - The Project Manager is responsible for ensuring that project-specific plans are in 
accordance with these procedures, where applicable, or other approval methods are developed. The Project 
Manager is responsible for development of documentation ofprocedures which deviate from those presented 
herein. 

Field Team Leader - The Field Team Leader is responsible for selecting and detailing the specific sampling 
techniques and equipment to be used, and documenting these in accordance with the Sampling and Analysis 
Plan. It is the responsibility of the Field Team Leader to ensure that these procedures are implemented in 
the field and to ensure that personnel perfonning sampl ing activities have been briefed and trained to execute 
these procedures. 

Samnling Personnel - It is the responsibility ofthe field sampling personnel to follow these procedures, or 
to follow documented, project-speci5c procedures as directed by the Field Team Leader and/or the Project 
Manager. The sampling personnel are responsible for the proper acquisition of soil gas samples. 
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5.0 PROCEDURES 

Prior to selecting sample locations, an underground utility search is recommended. The local utility 
companies or facility utility personnel can be contacted and requested to mark the ►ocations of their 
underground lines. Sampling plans/designs can then be drawn up accordingly. 

Typical methodology involves the insertion of(3/8-inch diameter) probes into the ground to a desired depth 
via a hydraulic pusher/pullermechanism. A 1/4-inch O.D. stainless steel probe is inserted intothe hole and 
sealed at the top around the probe. The gas contained in the interstitial spaces of the soil is sampled by 
pulling the sample through the probe using an air sampling pump. 

Attachment A is a generalized SOP including quality control procedures performed by soil gas survey firms_ 
The methods and procedures described herein are typical for this type of subsurface investigation. 

Some soil gas firms have the ability to collect and analyze groundwater samples using a probe apparatus in 
a manner similar to collecting soil gas samples. Specific requirements are documented in the Project Plans. 

6.0 QUALTTY ASSURANCE RECORDS 

Quality assurance records will vary between soil gas survey firms. Ordinarily QA/QC records accompany 
soil gas survey firm reports in the form of spike or blank results from analysis of'Field QA Samples" 
prepared and analysis, as required under each individual project. Project Plans should include QA/QC 
specific requirements for the soil gas or in situ groundwater sampling program. 

7.0 REFERENCES 

Schuring, D. C. `Soil Gas Testing," Hazmat World. Tower-Bomer Publishing, Inc, Glen Ellyn, 
Illinois. August 1989_ 

2. 	La Fond, J. W. "EmFlux Soil Gas Survey." Quadrel Services, Inc., Jamsville, Maryland. July 30, 
1991. 

Tillman, J. E., Ranlet, K. B., and Meyer, T. J. "Soil Gas Sample Coliection Procedures." Target 
Environmental, Columbia, Maryland. June 20, 1991. 

4. 	Marrin, D. L. and Kerfoot, H. B. `Soil Gas Surveying Techniques for Subsurface Volatile Organic 
Contaminants." Environmental Science and Technoloev, Volume 22, 1988. 

Tillman, J. E., Ranlet, K. B., and Meyer, T. J. "Advanced Soil Gas Surveys and Their Application 
to Hazardous Waste Management." Haztech Conference, Cleveland, Ohio. 1988. 

6. Roy, K. A. "Understanding Soil Gas Velocity Leads to New Sampling Technique.° Hazmat World 
Tower-Borner Publishing, Inc, Glen Ellyn, Illinois. December 1989. 

7. Tracer Research Corporation. Sampling Procedures and OA)pC Procedures. 1991. 
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1.0 INTRODUCTION 

This section of the Standard Operating Procedures (SOP) discusses geophysical exploration methods and 
their application to characterizing site conditions and evaluating contamination problems. The purpose is 
to familiarize the reader in general terins with the usefulness of geophysical methods and how data are 
acquired, processed and interpreted. 

A geophysical survey measures the physical properties ofearth materials in detail oraveraged overrelatively 
large areas. Variations in the electrical field (applied and ambient), gravity and magnetic potentials and 
seismic wave velocities, amplitudes and frequencies are measured systematically. These properties are 
affected bythe structure and composition ofthe subsurface soil, rocks, and water. Discontinuities in physical 
properties often correspond to geological or manmade boundaries. The primary objectives in the use of 
geophysical methods are to locate and quantify geological and/or tnanmade features. Depending on 
°sampling" frequency, geophysical methods measure the detailed or averaged physical properties of materials 
for the points of observation. All methods are inherently subject to greater averaging and lower resolution 
as distances between sampling points increase. 

Geophysical surveys utilize both active and passive techniques. In an active method, some form of energy 
is introduced into the subsurface and the response of subsurface materials to energization is measured. 
Active measurements usually provide the greatest resolution and accuracy. Passive measurements simply 
record the strengths of natural geophysical fields or changes in field strength. 

A geophysical investigation provides both reconnaissance and detailed measurement of critical factors for 
site assessment in a rapid, cost effective mannerto allow an evaluation ofsubsurface conditions. The results 
of a geophysical investigation are used to: 

• 	Detennine the source and extent of contamination problems 
• 	Characterize geologic conditions 
• 	Optimize test pit and boring locations 

ln most cases the proper application of a geophysical investigation adds significant information and reduces 
the costs necessary to acquire the information required to determine an effective site remediation and 
cleanup. The correlation of data from two or more independent methods, plus borehole geologic and 
sampling data, provides the most meaningful results. 

Results of a geophysical site investigation usually cannot provide a complete analysis of a groundwater 
related problem. A drilling program usually is necessary to supplement a geophysical program. Results of 
the geophysical program can minimize the number of borings necessary and optimize their locations. In 
return, the borings provide important data for.correlation with geophysical results. In some instances, 
geophysical methods measure average subsurface conditions for a large area, while borings provide detailed 
information for a limited area. A combined geophysical-boring program is a cost effective system for the 
most complete analysis of site conditions_ Often the geophysical survey provides significant cost savings 
in providing information that allows borings and test pits to be located where they will do the most good. 
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In order to effectively plan a geophysical site investigation, the following topics must be addressed: 

• 	Purpose of the Investigation 
• 	Geologic Conditions 
• 	General Site Conditions 

(topography, nearby metal objects, power lines, buried utilities, etc.) 
• 	Site History 

This information is=needed to select the most effective geophysical methods for the investigation and to 
estimate the extent of the coverage necessary. Geophysical methods are selected by their sensitivity to the 
problem and by their insensitivity to site noise (interference) conditions. Generally, multi-technique 
investigations are desirable. The commonly used geophysical methods and their advantages and limitations 
are described in Table I. 

Texts that generally discuss the appl icable geophysical techniques include Dobrin (1976), Telford and others 
(1976), Mooney (1977), U.S. Army Corps of Engineers (1979), Grant and West (1965), and Griffiths and 
King (1981). A comprehensive discussion of geophysical methods and their application to ground water 
problems is included in the (1985) Electric Power Research Institute's Ground Water Investigation and 
Mitigation Techniques, Section 3. Additional sources of information for specific methods are referenced 
in the discussions of each geophysical method. 
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fRIINEI7UMUM 

The purpose of this SOP is to provide general reference information for using borehole geophysical logging. 

2.0 SCOPE 

This SOP indicates the normal suite of logging that may be used, as well as certain supplemental logs. The 
description of logging techniques includes the type ofdevice, the physical property responding to or recorded 
by the device, and the general pattern of interpretation and correlation related to the device or the suite of 
logs. 

3.0 DEFINITIONS 

Active technioue - A technique in which a stress is applied to the material under study and the resultant 
response is measured. Stresses c.an include electrical current, sound waves or neutron or gamma ray 
bombardment_ 

Calibration - The process of checking and adjusting the tool reading to a standard of known value. 

LitholoQV - The physical characterof a rock or rock type; also often used for describingoverburden material 
(e.g., sand, clay, till). 

Measurine point - The point, on a probe or sonde device, where the reading is taken (e.g., the tips of the 
caliper arms, the detector on a gamma-ray tool). 

Non-unioue resnonse - Tool response that is not unique to a specific rock characteristic. For example, 
several different rock types exhibit low gamma-ray counts; water-filled fractures and clay layers both have 
low resistivity values. 

Passive technioue - A technique which measures properties inherent to the material; examples include 
self-potential, gamma-ray, temperature. 

Probe - The downhole electronics and detecting/measuring apparatus ofthe logging system, usually encased 
in a stainless steel jacket. 

Reference elevation - The surface elevation which acts as a common measuring point for all correlations, 
commonly ground surface or top of casing. 

Resolution (vertical) - Ability to see thin layers. 

Sonde - same as probe. 

Total denth - The deepest point in the boring as determined by geophysical logs. 
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4.0 RESPONSIEILTPIES 

Proiect ManaQer  - The Project Manager is responsible for ensuring that the project-specific plans are in 
accordance with these procedures, where applicable, or that other approved procedures are developed. The 
Project Manager is responsible for ensuring that the personnel operating and interpreting the geophysical data 
are trained, skilled in that endeavor, so far as to receiving documentation on the training and experience of 
the operating personnel. 

Field Team Leader  - The Field Team L.eader is responsible for selecting and detailing the borehole technique 
and equipment to be used. It is the responsibility of the Field Team Leader to ensure that these procedures 
are implemented in the Seld and to ensure that the 5eld investigation personnel performing the borehole 
logging activities have been briefed and trained to execute these procedures. 

5.0 PROCEDURES 

5.1 	Overview 

Borehole geophysical techniques (also called logging) are a group ofactive and passive geophysical methods 
used to provide detailed measurements ofsoil, rock and water properties. This is done by lowering tools into 
the borehole to measure the electrical, acoustical or radioactive properties of the materials surrounding a 
borehole. The surveys are non-destructive and can oRen be run in existing boreholes and water supplywells 
with no modifications. 

The techniques are based on counterpart surface geophysical methods, adapted to the borehole environment 
(Table 1). Typically, these adaptations include the reduction of equipment size (most techniques will fit 
inside a two-inch diameterhole), reduction and standardization ofthe fixed source to receiver spacing (and 
a corresponding reduction in how deep the technique looks into the formation), protection of tools from 
pressure and temperature effects, and interpretation of data with respect to vertical rather than horizontal 
changes. 

The relation of borehole geophysical techniques as investigative suites, and the responses interpreted, are 
indicated on Table 2 for the usual and some unusual applications. 

5.2 	Borehole Annlications  

5.2.1 	Self-Potential 

• 	Identification of zones of water loss or gain (streaming potential) 
• 	Qualitative indication of clay content/determination of clay layers 
• 	Qualitative indication of water salinity 
• 	Rock type correlation/layer thickness 

5.2.2 High-Resolution Caliper 

Used in open borehole geophysics 
Provides rock density in grams per cubic centimeter 
Provides borehole diameter 
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5.23 Natural Gamma 

	

• 	Yields a measure of potassium-40 content in rocks 

	

• 	High clay content 

	

• 	Permeability 

5.2.4 Resistivity Profiling 

	

• 	Provides a measure of clay content in geologic materials 

	

• 	Can be used as an olimeter 

5.2.5 Temperature Log 

	

• 	Yields temperature at a specific vertical location in a borehole to presence of groundwater 

	

• 	Measures inflow and outflows of a borehole/well 

5.2.6 Fluid Conductivity Meter 

	

• 	Yields direct iron content of groundwater by measuring conductivity ofthe fluid in which 
the probe is immersed 

51.7 Neutron Tool 

	

• 	Measures porosity of geologic materials by sending neutrons into the materials. Higher 
porosity will be indicated by return of fewer neutrons to the tool. 

5.2.8 Long-Space Density 

	

• 	Measures vertical flow in a borehole/well 

5.2.9 Flow Meter 

	

• 	Measures flow across a borehole/well 

6.0 QUALITY ASSURANCE RECORDS 

Data will be recorded in log books or on data log sheets attached to the monitoring device. All data will be 
entered with the following: date, location, personnel on site, start and end time (in military time) and 
weather. 

7.0 REFERENCES 

Drobin, M.B., 1976, Introduction to Geophysical Prospecting, 3rd edition: New York, McGraw-Hill, 630 p. 

Keys, W.S., and MacCary, L.M., 1971, Application of 'Borehole Geophysics to Water-Resources 
Investigations: U. S. Geological Survey, Techniques of Water-Resources Investigations, Book 2, Chapter 
E1, 126 p. 
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Labo, J., 1987, A Practical Introduction to Borehole Geophysics - An overview of wireline well logging 
principles for geophysicists: Tulsa, Society ofExploration Geophysicists, 330 p. 

Taylor, TJ., 1983, Interpretation and Application of Borehole Televiewer Surveys, in 24th Annual Logging 
Symposium Transactions: Houston, Society of Professional Well Log Analysts, Paper QQ, 19 p. 

Zemanek, l., Caldwell, R. ., Glenn, E.E., Jr., Holcomb, S.W., Norton, LJ., and Straus, AJ.D., 1968, The 
Borehole Televiewer - A new logging concept for fracture location and other types of borehole inspection: 
Dallas, Society of Petroleum Engineers, 43rd Annual meeting (Houston) preprint SPE-2402. Later 
published in 1969, Joumal of Petroleum Technology, V. 21, No. 6, p. 762-774. 
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1.0 PURPOSE 

The purpose of this SOP is to provide general reference infonnation for using electromagnetic induction 
(EM) enethods. 

2.0 SCOPE 

This SOP provides a description of field procedures, equipment, and interpretation methods necessary to 
fully utilize this procedure. 

3.0 DEFINITIONS 

Conductivitv - Ability of a material to transmit an electrical current. Inverse of resistivity. 

Horizontal dipole mode - Transmitter and receiver coils oriented vertically. 

Vertical diaole mode - Transmitter and receiver coils oriented horizontally. 

Vertical soundine - Multiple EM measurements centered at a point with varying coil spacings. 

Vertical orofiling - EM measurements along a traverse with a fixed coil spacing and coil orientation. 

4.0 RESPONSIBILTTIES 

Proiect ManaQer - The Project Manager is responsible for ensuring that the project-specific plans are in 
accordance with these procedures, where applicable, or that other approved procedures are developed. The 
Project Manager is responsible for ensuring that the personnel operating and interpreting the geophysical data 
are trained, skilled in that endeavor, so far as to receiving documentation on the training and experience of 
the operating personnel. 

Field Team Leader - The Field Team Leader is responsible for selecting and detailing the geophysical 
technique and equipment to be used. It is the responsibility of the Field Team Leader to ensure that these 
procedures are implemented in the 5eld and to ensure that the 5eld investigation personnel performing the 
activities have been briefed and trained to execute these procedures. 

Field Investination Personnel - It is the responsibility of the field investigation personnel to follow these 
procedures, or to follow documented, project-speci5c procedures as directed by the Field Team Leader and 
the Project Manager. Field personnel are responsible for the proper acquisition of geophysical data. 

5.1 Overview 

Electromagnetic Induction (EM) methods are non-intrusive geophysical techniques of ineasuring the 
apparentconductivityofthesubsurfacematerials. Electrical conductivity values of subsurface materials are 
determined by transmitting a high frequency electromagnetic (primary) field into the earth and measuring 
the secondary electromagnetic field produced by the eddy curcent as illustrated in Figure 1. The transmitter 
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and receiver coils do not require direct ground contact thus permitting continuous profiling and rapid data 
acquisition. 

resistivity (ohm-meters) = 
1,000 

EM instrument readout (milliohms per meter) 

The strength of the secondary field is a function of the inter coil spacing, operating frequency and ground 
conductivity. The ratio ofthe secondary to the primary magnetic field is directly proportional to the terrain 
conductivitywhich enables direct instrument readout of apparentconductivity values (measured conductivity 
values are the bulk average conductivity for the area or volume of earth sampled). Conductivity ranges 
typical of various earth materials are shown on Figure 2. EM conductivity values are usually expressed in 
units of milliohms per meter. Conductivity values are converted to resistivity values in ohm-meters by use 
of the following relationship: The apparent conductivity of the subsurface materials is dependent upon 
subsurface conditions such as: 

• 	Lithology 
• 	Porosity 	 -- 
• 	Permeability 
• 	Conductivity of subsurface pore fluids 

Changes in these parameters causing measurable variations in electromagnetic conductivity can result from: 

• 	Conductive contaminant plumes 
• 	Abandoned trenches and lagoons 
• 	Lateral changes such as backfill or landfill materials 
• 	Bedrock fracture zones 
• 	Lithological variations 	 _ 
• 	Buried metallic objects 

The sampling depth or depth of investigation is related to the coil spacing and coil mode. The two coil 
modes used are the vertical dipole mode (coils horizontal) and the horizontal dipole mode (coils vertical). 
Figure 3 shows the relationship of the ooil spacings, mode and relative responses. 

Two common terrain conductivity meter are EM-31 and the EM-34-3. The EM-31 has a fixed intercoil 
spacing of 3.7 meters and an effective depth of penetration of approximately 6 meters. The EM-34-3 has 
two coils which can be separated by 10, 20, or 40 meters and can be oriented in either the horizontal or 
vertical dipole modes. Intercoil separations increase the effective depth of investigation as shown below. 

Intercoil Snacin~ 
	

Denth of InvestiQation (meters) 

(meters) 
	

Horizontal Dipole 
	

Vertical Dipoles 

10 
	

7.5 
	

15 
20 
	

15 
	

30 
40 
	

30 
	

60 

The coil orientation (horizontal or vertical) allows the EM-34-3 to respond to materials of different depths. 



Clay and marl 

Loam 

`Top soil 

Clayey soils 

Sandy soils 

Loose sands 

River sand and gravel 

Glacial till 

Chalk 

Limestones 

Sandstones 

Basalt 

Crystat(ine rocks 

(after Cultey et at.) 
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Figure 2 
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Vertical sounding and horizontal profiling are the two EM survey techniques. Vertical profiling is 
accomplished by multiple measurements about a point with varying coil spacing. Horizontal profiling is 
perfomted by making measurements along traverses with a fixed coil spacing. General discussions of 
electromagnetic induction methods are presented in texts by Grant and West (1965), Telford and others 
(1976), and Griffiths and King (1981). 

5.2 	Applications and Uses 

The measurement of subsurface conductivity at a hazardous waste site provides a valuable contribution to 
sitecharacterization. The conductivity (resistivity) ofthe hydrogeologic section is predominantly influenced 
by the pore fluids. Consequently, conductivity measurements provide indirect information on the porosity 
and permeability of subsurface materials, the degree of saturation, and the conductivity of the pore fluids. 
The conductivity of the pore fluid is influenced by the presence of dissolved electrolytes. Contaminant 
plumes in the unsaturated and saturated zones can be mapped provided there is a sufficient change in the 
conductivity to be detected by the EM insttument. Generally, contaminant plumes of inorganic waste are 
easily detected because the pore fluids often have conductivity values as much as three orders of tnagnitude 
above background values. Figure 4 illustrates an EM anomaly associated contamination plume.—  EM 
conductivity measurements can also be used to detect the presence of buried waste; filled disposal trenches, 
and buried metal objects such as drums, tanks or metal debris. Figure 5 illustrates an EM anomaly over a 
buried metal object. Electromagnetic surveys can be used to locate conductive as well as and 
non-conductive bodies. The many applications include: 

• 	Contaminant plume mapping 
• 	Locating abandoned trenches and lagoons 
• 	Delineating bedrock fracture zones 
• 	Determining thickness ofweathered layers 
• 	Lithology mapping 
• 	Locating buried metallic objects _ 
• 	Lateral anomalies such as pockets or pits of different materials 

Examples of EM applications at sites where groundwater is contaminated are presented by Duran (1982), 
Greenhouse (1983), and Greenhouse and Slaine (1983). 
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53 	Eauinment 

The two-coil EM instmment and the VLF (very Iow frequency) instrument are basically the two different 
types of electromagnetic surveying instruments in use; each is capable of sensing to different depths. There 
are several models and manufacturers of this equipment. 

The two-coil system consists of a transmitter coil and a receiver coil. Refer to Figure I which i►lustrates the 
basics of a two-coil electmmagnetic induction apparatus. The transmitter coil induces an electromagnetic 
field of known strength and the receiver coil measures the resulting quadrature, or ratio of primary to 
secondary fields resulting from subsurface features. Each instrument is read directly in units of milliohms 
per meter (conductivity). EM readings represent the average bulk conductivity at a point halfway between 
the two coils. 

The VLF instrument is a receiver which relies on specialized, very low frequency communication antennas 
for induction ofan electromagnetic field. Surveying with the VLF or equivalent instrumentation is commonly 
referred to as VLF surveying. 

The VLF ]nstrumentation is a small, I ightweight hand -held instrument wh ich can be operated by one person. 
Principa) cwmponents ofthe instrument are a pair of mutually perpendicular coi ls and a receiving crystal with 
a frequency specific to a transmitting antenna. The two receiving coils are used to measure local 
characteristics of the primary induced field and any secondary fields emanating from bodies of variable 
conductivity. Typical sources of induced electromagnetic fields for VLF surveying are the very low 
frequency antennas used for submarine communications. 

5.4 	Data Acauisition 

The advantage of the EM survey method is the speed and accuracy with which lateral changes of ten -ain 
conductivity can be Fneasured. The EM conducYivity data can be acquired using sounding and profiling 
techniques similar to those used in electrical resistivity. EM profiling is accomplished bytraversing an area 
with a fixed coil spacing and orientation; EM sounding is accomplished by expanding the inter-coil spacings 
in a manner similarto that used by electrical resistivity soundings. Some commonly used EM equipment is 
limited in the number of available inter-coil spacings that can be used; however, there are other EM 
instruments available that can operate at many coil spacings and frequency ranges to provide numerous 
sounding data points necessary for accurate computer modeling and profiling. 

The factors determining which instrument is used and what the grid spacing should be at particular sites are 

• 	Depth to target and size of target 
• 	Accessibility of the site 
• 	Effects of manmade structures and utilities, such as electric power lines 
• 	Conductivity of the earth materials 

EM induction instruments may have a depth of investigation of up to 200 feet depending upon coil spacing 
and orientations used (see Figure 3). The very low frequency VLF device has the greatest depth of 
investigation and is generally used to evaluate large geologic structures. 

In conducting a VLF survey, VLF readings should be acquired with the instrument oriented perpendicular 
to a straight line from the site to the transmitter antennas. This orientation is necessary to ensure optimum 
data quality. All readings from a particular VLF station must be obtained with the instrument oriented in 
the same direction. 
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For an EM induction survey, a regular pattem of survey stations will provide  coverage of the area in 
question. Typically, use of a grid spacing which is approximately equal to the size of the target sought by 
the survey, and a coil spacing with a maximum response for the depth of interest will produce satisfactory 
results. Specific needs for local detail, however, mayrequirc are5ned coverage. The chosen spacing should 
always be site and target specific. 

In conducting an EM survey, the field operatormust avoid or note any potentiai sources ofanomalous (noise) 
conductivity values such as power lines, buildings, fences, buried pipelines or any other large metal objects. 
Noise sources should be noted on the profiles or contour maps accounting for anomalies due to these known 
sources. 

Important information that should be known for planning and before conducting an EM conductivity survey 
are: assumed hydrogeologic characteristics of the site, potential source locations and migration paths, 
characteristics of the hazardous substance of interest, and depths of interest. The level of detail necessary 
(size of object of interest and detail of resolution) determines the number of lines and station spacings of 
readings required. 

EM data, ifnot recorded on a strip chart or digital recording instrument, should be recorded on standardized 
data sheets. At a minimum all data (strip chart, digital disks, or standard forms) should have the following 
information listed: 

• 	Project/site location identification 
• 	Company 
• 	Date and time 
• 	Operators name 
• 	Instrument make, model 
• 	Coil spacings and configuration 
• 	Line and station numbers 	_ 
• 	Instrument reading scales 
• 	Weather conditions/temperature 

5.5 	Internretation 

5.5.1 Data Analysis 

In general, electromagnetic survey data require relatively little processing before they can be interpreted. 
This is especially true for fixed coil spacing surveys because the data are recorded in units of conductivity; 
preliminary interpretations are made by comparison of conductivity values. A contour map can be prepared 
from the data and compared with results of other surveys. EM instruments also can be used for vertical 
soundings similar to resistivity sounding. Vertical sounding with EM equipment, however, has lower 
resolution than that performed with the resistivity technique. As a result, EM data are generally more useful 
for continuous proflling surveys. 

V LF instruments do not read directly in units of cond uctivity. The in-phase measurement (the tilt of primary 
induced field) is read in terms of the tangent to the angle of tilt and is given as a percentage. Quadrature 
measurements, which are the ratios ofvoltage required to equalize the primaryto secondary signal strengths, 
are also given as percentages. For field interpretation these two sets of data can be plotted in profile form, 
percentage versus distance. Greenhouse and Slaine (1983) describe a simple mathematical conversion so 
that VLF data can be presented in contour format and compared to other available data such as resistivity 
and magnetics. Digital data acquisition systems are now available that allow calculation of oonductivity. 
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5.5.2 Presentation of Results 

Results of an EM conductivity survey can be presented in profile and/or contour map form. 'Ihe orientation 
of the traverses should be indicated on profiles in lines ofcoverage on contour maps. Locations of observed 
surface metal and other cultural features such as topography, buildings, fences, power lines etc. should be 
noted on both the profiles and the contour maps. 

5.5.3 Interpretation 

EM conductivity data can be analyzed qualitatively and quantitatively. Generally, profiling data are 
presented as a contour map or profiles. Profile lines should be stacked and aligned. A qualitative analysis 
ofthe contour map or aligned profiles usually can allow an interpreterto identify any conductivity trends that 
may be indicative of buried metal, groundwater flow and contaminant transpor[. A comparison of available 
geologic data, cultural ferrous rttetal and debris maps prepared during data acquisitions should be rttade to 
evaluate the causes of any conductivity trends observed. 

Computer or chart comparisons of EM sounding data with available theoretical models can be made. This 
type of interpretation is similar to that used in electrical resistivity, but in EM sounding it is limited to 
relatively simple hydrogeologic conditions. 

5.6 	AdvantaPes and Limitations 

Advantages of the electromagnetic induction met od include: 

• 	No ground contact required 
• 	Rapid data acquisition (faster than resistivity) 
• 	Lightweight, one or two man operation 
• 	Widde range of applications 
• 	High lateral resolution 
• 	Field interpretation possible 

Limitations of the electromagnetic induction method include: 

• 	Limited dynamic range 1-1,000 milliohm/meter 
• 	Susceptible to effects of man-made structures, utilities, etc. 
• 	Less vertical resolution than resistivity 
• 	Limited penetration 
• 	Does not distinguish even simple layering without more complex application and 

interpretation 
• 	Setting and maintaining instrument at zero 

6.0 QUALITY ASSURANCE RECORDS 

Field data will be recorded in log books and/or data recording sheets accompanying the monitoring 
equipment. Data recorded in a Field Logbook will be entered with the following data: date, site location, 
personnel conducting the investigation, time (military time), start time and end time, weather. 
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The purpose of this SOP is to provide general reference information and technical guidance on the rttethods 
and techniques of ground penetrating radar (GPR). 

2.0 SCOPE 

These procedures provide overall technical guidance. 

3.0 

Bistatic Antenna - An antenna system in which transmitting and receiving coils are housed in separate 
antenna units. 	 - 

Deconvolution - A computer processing method. The process of undoing the effect of another filter (in this 
instance the "earth"). A process that removes ringing, multiples, ghosts, and some background noise (Sheriff, 
1973). 

Dielectric Permittivitv -(Also knbwn as the relative dielectric permittivity): 1. A complex number 
consisting of a real and imaginary part, which uniquely describes the propagation and attenuation of 
electromagnetic energy in all materials. The real dielectric permittivity (dielectric constant) characterizes 
the propagation and reflection of electromagnetic (EM) waves, while the imaginary part (dielectric loss) 
characterizes the attenuation of EM signal (Kutrnbes and Olhoeft, 1987). 2. A measure of the capacity of 
a material to store charge when an electric field is applied (Sheriff, 1973). 

Electromaenetic Waves - One ofthe waves propagated by simultaneous periodic variations of electric and 
magnetic field intensity including radio waves, infrared, visible light, ultraviolet, X-rays and gamma rays 
(Webster's New Collegiate Dictionary. 1979). 

Mieration - Where velocity varies laterally, data will migrate (relative to the time versus antenna distance 
plot), and ray tracing is used to determine migrated positions (Sheriff, 1973). 

4.0 RESPONSIBILTTIES 

Proiect Manaeer - The Project Manager is responsible for ensuring that the project-specific plans are in 
accordance with these procedures, where applicable, or that other approved procedures are developed. The 
Project Manager is responsible for ensuring that the personnel operating and interpretingthe geophysical data 
are trained, skilled in that endeavor, so faz as to n cSWt~lfttCUtttentatton on the training and experience of 

r--  the operating personnel. 	 ~ 

Field Team Leader - The Field Team Leader is responsible for selecting and detailing the geophysical 
technique and equipment to be used. It is the responsibility of the Field Team Leader to ensure that these 
procedures are implemented in the 5eld and to ensure that the field investigation personnel performing the 
activities have been briefed and trained to execute these procedures. 
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5.0 PROCEDURES 

5.1  Overview 

Ground penetrating radar (GPR) is an active geophysical system which transmits high frequency 
electromagnetic (EM) waves into the ground and detects the energy reflected back to the surface. GPR 
operates on a similar principle as seismic reflection, except, instead of acoustic waves, electromagnetic 
waves of radio and microwave frequencies (80 MHz to 1,000 MHz) are utilized. Electromagnetic signals 
are reflected back to the surface from interfaces with differing electrical properties, such as dielectric 
permittivity and conductivity. The greaterthe contrast in the real dielectric permittivity (dielectric constant) 
between two materials, the more energy is reflected to the surface. Reflections typically ocour at interfaces 
between lithological units with different characteristics, subsurface discontinuities, and intemal structure 
such as: 

• 	Top of bedrock surfaces 
• 	Soil and rock stratification 
• 	Watertable 
• 	Seepage and leachate zones 
• 	Buried metal objects such as dmms and utilities 
• 	Open or water filled voids 
• 	Bedrock fractures 
• 	Archaeological structures 

The depth of penetration of GPR is site specific, being limited by the attenuation of the electromagnetic 
energy. Signal attenuation is controlled by four different mechanisms listed below, any or all of which may 
be present at a site. 

• 	Scattering losses 
• 	Conduction losses 
• 	Water losses 
• 	Clay losses 

Energy losses due to scattering occur when signals are dispersed in random directions, away from the 
receiving antenna, by large irregularly shaped objects, such as boulders and tree stumps. 

Signal attenuation due to conduction is a function ofthe conductivity of a material, which varies with mineral 
composition, the amount of water, and the total dissolved solids (salts and heavy metals) within the water. 
The greater the electrica) conductivity values of materials at a site, the more signal attenuation (hence less 
penetration) there will be. 

Energy losses attributed to water occur when water molecules polarize in the presence of the applied 
electromagnetic field. Electromagnetic energy is lost to the radar system when it is converted to kinetic and 
thermal energy as a result of the rotation of water molecules. 

S ignal attenuation due to clay losses occurs when electrochemically charged ions polarize along clay surfaces 
in the presence of the electromagnetic field induced by the radar system. The migration and subsequent 
collision of these charged particles causes electromagnetic energy to be converted to kinetic and thermal 
energy, which is lost to the radar system. 
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Signal penetration is also dependent on the frequency of the transmitting antenna used in the radar system. 
Higher frequency antennas produce waves with shorter wave lengths, which are attenuated more rapidly with 
depth, but give better resolution. Specially designed 2 MHz antennas have been used to detect the ice-rock 
boundary of a 2 km thick glacier. Penetration of up to 75 feet has been reported for water saturated, clean 
sands in a Massachusetts glacial delta using a conunercial antenna. Signal penetration in saturated clays, on 
the other hand, is on the order of anagnitude of a few inches. Olhoeft (1986a) determined that even 5% clay 
added to a clean sand and gravel will cause a decrease in penetration by a factor of 20. Salt water is also a 
high loss substance, as signal penetration in sea water is less than a foot. It is important to note that in a 
layered medium a single, highly reflective layer alone can limit signal penetration by preventing the 
propagation of energy through it. In this instance the apparent loss of energy is caused by reflection rather 
than by signal attenuation. 

5.2 Annlications and Uses 

Ground penetrating radar (GPR) is a shallow penetrating geophysical proftling system used for rapid and 
accurate surveys. GPR can be used for both area and source detection studies. GPR has been used to locate 
underground pipes, buried drums, foundations, voids in rock and concrete, lithologic contacts, to determine 
stratigraphy, depth to water table and depth to bedrock, and to locate buried archaeological artifacts, 
excavations, filled pits and lagoons, and numerous other site specific applications. GPR has been used 
successfully to delineate the lateral extent of plumes. Haeni et al. (1985) used GPR to investigate the 
thickness, type, and extent of sediments beneath a frozen lake with a 80 MHz antetma. The information 
acquired with GPR was used to help map the (ateral extent of an aquiclude, and better estimate inputs to the 
mass balance equation for water budget calculations. 

A GPR system can be used to determine depths to reflecting discontinuities by conducting a depth 
calibration. Typically, calibration is performed by moving the radar antenna over a metal target of known 
depth, such as a buried metal plate. Also, iftransmitting and receiving antennas are housed in different units, 
designated as a bistatic antenna system ;  a common depth point (CDP) survey, similar to surveys conducted 
with seismic reflection, can be used to calculate the velocity ofthe medium, and hence depth to the reflector. 
Sakayama and others (1988) describe arother method to calculate velocity from bistatic antennas where the 
receiving antenna is continually moved away from the staiionary transmitting antenna. The velocities ofthe 
direct arrival and the first strong reflector are recalculated from the inverse slope ofthe time-distance display 
(antenna separation) on the GPR record in a similar manner as seismic refraction. 

To verify GPR results, other geophysical or ground truth methods can be utilized. Haeni et al. (1985) utilized 
seismic refraction to correlate calculated depths of stratigraphic horizons and water tables with radar 
reflections. Magnetometry and electromagnetic induction methods have been utilized to verify the presence 
of buried drums and fuel tanks. Electromagnetic induction and electrical resistivity have been utilized to 
verify the lateral extent of conductive plumes. The depth to a particular reflector or target can also be 
verified by boreholes and/or test pit excavation. 

53  Eguipment 

A typical ground penetrating radar system, shown on Figure 1, consists of: 

• 	AC/DC power supply 
• 	Control unit (pulse transmitter) 
• 	Antenna(s) 
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• 	Graphic recorder 
• 	Digital recorder (optional) 
• 	Magnetic tape recorder (optional) 
• 	Coaxial cable which connects the control unit to the antenna 

Typically, radar antennas contain both the transmitter and receiver within one fiberglass unit. Once a radar 
impulse is transmitted, the antenna switches to the receiver mode and records reflected radar impulses. The 
pulse receiver contains an amplifier which increase the amplitude of reflected signals. Bistatic antennas 
(transmitter-receiver are separate) allow the coverage of larger areas with one pass, and multi-receiver 
combinations allow the "stacking" of radar data which increases the signal to noise ratio: 

Field data are generally printed by a graphic recorder and simultaneously can be stored on magnetic tape or 
diskette. The graphic recorder produces a continuous time (vertieal) versus distance (horizontal) profile of 
the subsurface for field qualitycontrol and qualitative interpretations. Radar impulses are synchronized with 
the swept-stylus type graphic recorder, producing a dark band proportional to the amplitude of reflected 
radar signal. Because the antenna is moving, each pass of the stylus represents a slightly different antenna 
position. Gradually,astherecorderpaperadvancesunderthemovingstylus,apattemofreflectiveinterfaces 
emerges. A typical radar record is shown on Figure l. 

Storage of data on diskette or magnetic tape allows additional printing and/or computer processing for the 
refinement ofdata. Deconvolution ofstored data enhances stratigraphic reflections from the water table and 
soil structures (Olhoe$, 1988). Migration ofdata allows easier resolution of inetallic targets, such as buried 
drums, and delineation of excavations and sinkholes (Hogan, 1988). 

Radar systems are desigped to use antennas of various electrical characteristics. Selection of the antenna is 
dictated by the requirements of the survey. If high resolution, near-surface data are desired, a small, high 
frequency antenna is used; if the survey requires deeper probing, a larger, lower frequency antenna is used 
(80, 120, 250, 300, 400, 500, 900, and 1,000 MHz antennas are commercially available). The drawback of 
using the lower frequency antennas is that resolution of data is sacrificed for penetration. Also, the low 
frequency antennas (less than 250 MH:.) are generally not shielded, making them susceptible to overhead 
power line noise and spurious reflections from passing cars. The 900 and 1,000 MHz antennas are used 
almost exclusively for shallow penetration projects such as the detection of rebar in concrete, as their 
penetration is generally limited to 2 to 3 feet. 
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5.4  Field Procedures 

The majority of time involved with any GPR survey is spent establishing survey lines in the area of 
investigation so that detected anomalies can be easily located. Survey lines should be set to maximize 
coverage, while maintaining a grid spacing proportional to the presumed target dimensions. A minimum 
survey l ine spacing of 10 feet is desired when looking for a 1,000 gal lon fuel tank, while a larger spacing of 
50 feet or more may be used to define the lateral extent of a conductive plume. 

At the onset of any GPR survey the radar control unit should be adjusted for the anticipated depth of 
penetration. Adjustments of the time window of exploration should be made by estimating the velocity of 
the medium and desired depth of penetration. Most surveys can be effectively conducted with a minimum 
time window of 50 nanoseconds. 

Accurate determination of the depth to any layer requires calibration ofthe radar system. The simplest way 
of calibrating the GPR system to specific settings is by burying a plate at a measured depth, and moving the 
antenna slowly along the survey line. The plate will produce on the GPR record a thick, dark band, parabolic 
or flat in shape, with many multiple reflections beneath it. Once a ceRain confidence level is attained from 
depth calibration, the survey is conducted by slowly pulling the antenna along survey lines. A slow walking 
pace increases the horizontal resolution as radar signals are propagated in a 15 to 45 degree cwne from the 
bottom of the antenna. A slow walking pace is recommended for identifying buried objects or plumes as 
targets are better defined and easier to resolve. On the other hand, the radar antenna can be towed from the 
back of a car or truck at speeds up to 10 miles an hour if the "target" is a continuous reflector, such as the 
water table. 

5.5 	Internretation  

A typical GPR record is shown on Figure 1. A representation of a single GPR signal pulse is shown along 
the side of the record. The horizontal scale of the record is maintained by marking on the record the 
locations of survey stations as they are reached by the antenna. Accurate detennination of the vertical scale 
(i.e., conversion of a time into a depth) requires calibration of the radar system. If the depth to a known 
reflector can not be determined through calibration or verification using boreholes and test pits, the velocity 
of the medium can be approximated from relationships involving the velocity of the• medium, and the 
dielectric constant (real dielectric pennittivity) ofthe medium. V alues of the dielectric constant can be found 
in GSSI (1974), and Kutrubes (1986). It is important to note that the relationship is not valid when signal 
losses are great. The estimated depth to the reflector can be calculated from time and velocity values. 

Interpretation of GPR data is subjective, even among experienced intetpreters. The strength of a reflected 
signal and/or the continuity of the reflector across the record may be indicative of a stratigraphic contact. 
The water table in an unconfined sand and gravel aquifer may also produce a similar signature on the GPR 
record. The strong continuous reflector shown in Figure 2 delineates the contact between bedrock and 
unconsolidated materials. Point targets, such as buried drums, pipes, boulders, tree stumps, etc., create a 
distinctive parabolic feature on GPRrecords. Positive identification of point targets is subjective, as the GPR 
signature of a pipe is similar to that of a large boulder. 

Figure 3 shows the characteristic parabolic signal created by underground stomge tanks situated in a clean 
sand and gravel deposit. Metallic objects, such as buried drums and pipes, also produce a characteristic 
parabolic signal on the record, and sometimes produces a"ringing noise," denoted by the heavy, dark 
banding, as shown in Figure 3. 
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Recorded data from diskettes or magnetic tapes can be enhanced using numerous computer processing 
methods to remove constant noise problems, such as ringing, or to sharpen up geologic contact features and 
point target boundaries (such as underground storage tanks). Such methods are described in detail by Hogan 
(1988) and Olhoeft (1988). Computer processing is costly and generally not necessary in most instances. 

5.6  AdvantaQes/Disadvantaees 

Advantages of ground penetrating radar systems include: 

• 	Rapid area coverage 
• 	Not destmctive 
• 	Portable equipment 
• 	High vertical resolution profiles in the 5eld for immediate interpretation 

Ground penetrating radar provides a cost effective way of evaluating a large site in a short amount of time. 
One day of work coverage completed by GPR may be equivalent (with respect to data generated) to 4 or 5 
days of work with seismic refraction or electrical resistivity. The GPR method is "non-destmctive" in that 
it does not necessarily require excavation or probing of the overburden materials, although veri5cation of 
anomalies should be conducted. 

Equipment can be easily loaded in the back of a truck as most pieces comprising the radar system weigh 
under 40 pounds. The 80 MHz antenna weighs about 100 pounds and is less portable as it is approximately 
4 feet wide. 

Limitations of radar systems include: 	 _ 

• 	Survey lines must be cleared to ground level 
• 	Multiple receiver antennas are generally required to stack and process radar data 
• 	Penetration is site specific, requiring data corroboration usingaltemative geophysical methods 

and/or verification 
• 	Interpretations are subjective 

To maximize resolution and minimize scattering losses, survey lines must be as level as possible to prevent 
the bouncing and jarring of the radar antenna. Survey lines cleared of debris also allow the antenna to be 
pulled at an even, continuous pace, pennitting more accurate determination of horizontal scale. 

Application ofGPR is limited by soil type and presence ofhigh loss materials. Delineation of buried objects 
beneath conductive plumes also may not be possible. The unpredictability of radar effectiveness requires 
that site investigations be conducted with altemative geophysical methods, such as electromagnetic 
induction, seismic refraction, magnetometry, and/or electrical resistivity. 
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6.0 QUALTTY ASSURANCE RECORDS 

AI l data will be recorded in Field Logbooks with the following information: date, location, personnel on site, 
start and 5nish times, equipment, instrument gain and time settings, project number, site conditions, and 
weather. 
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1.0 PURPOSE 

This SOP provides general reference information and standard techniques for using magnetometry. 

	

2.0 	SCOPE 

This SOP provides a description of the field procedures, equipment, and interpretation methods necessary 
to fully utilize this procedure. 

	

3.0 	DEFINTI'IONS 

Diurnal variations - daily changes in the total magnetic field strength due to solar activit- ,~ which may 
exceed 100 gammas. 

Gradient - change in magnetic field strength over a given vertical or horizontal distance. 

Maenetic storm - sudden and simultaneous variations of up to several hundred gammas throughout the 
world. Magnetic storms may occur several times a month and last several days. 

Total maenetic field intensitv - a scaler measurement (independent of direction) of the magnitude of the 
earth's magnetic field. 

4.0 RESPONSIBILITIES 

Proiect Manager - The Project Manager is responsible for ensuring that the project-specific plans are in 
accordance with these procedures, where applicable, or that other approved procedures are developed. The 
Project Manager is responsible for ensuring that the personnel operating and interpreting the geophysical data 
are trained, skilled in that endeavor, so far as to receiving documentation on the training and experience of 
the operating personnel. 

Field Team Leader - The Field Team Leader is responsible for selecting and detailing the geophysical 
technique and equipment to be used. It is the responsibility of the Field Team L.eader to ensure that these 
procedures are implemented en the field and to ensure that the field investigation personnel performing the 
activities have been briefed and trained to execute these procedures. 

5.0 PROCEDURES 

5.1  Overview 

Magnetic surveying is a passive geophysical technique which measures the strength ofthe earth's magnetic 
field. The earth's field is a vector quantity having a unique magnitude and direction at every point on the 
earth's surface. A magnetometer is the instrument which measures the magnetic field strength in units of 
gammas or nanoteslas. In order to recognize a magnetic anomaly, it must be several times larger than the 
background noise ►evel along that profile. Buried ferrous metal objects such as steel drums or tanks cause 
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local variations or anomalies in the earth's magnetic field that can be detected by a magnetometer. Geologic 
features such as igneous intrusion or iron rich sands can also be mapped using magnetic surveying. 

The earth's magnetic field is not completely stable. It undergoes long-term (secular) variations over 
centuries; small, daily (diurnal) variations (less than 1% of the total field magnitude); and transient 
fluctuations (magnetic storms) resultingfrom solar flare phenomena. Bothnaturallyoccutringandmanmade 
magnetic materials can modify the earth's magnetic field locally. 

Analysis of magnetic data by an experienced geophysicist can provide an estimate of the areal extent and 
quantity of buried ferrous objects. Depth of burial approximations can be made using graphical methods of 
interpretation such as slope techniques and half-width rules as described in Nettleton (1976). 

	

5.2 	Annlication and Uses 

Buried ferrous metal objects such as pipelines, barrels, tanks, etc., generally produce a perturbation in the 
earth's naturally occumng magnetic field. The size (amplitude) ofthis perturbation is related to the size of, 
distance to, susceptibility and remanent magnetization of the buried object The magnetic survey method, 
therefore, is a useful tool for site studies to locate and identify buried ferrous metal. Figures I and 2 show 
magnetic profiles and contour maps ofareas containing buried metal objects. Nonanomalous magnetic data 
acquired where EM conductivity anomalies exist indicate the existence buried of conductive, nonfercous 
metal (copper, aluminum, brass) objects. 

Magnetic data can be helpful in determining the size and geometry of geologic features such as fault zones, 
m ineral ized zones, and bedrock valleys and depressions. These features general ly are characterized by longer 
wavelength anomalies and are readily distinguishabte from anomalies associated with bacied metal. In many 
areas, such geologic features may control or influence the direction and velocity of groundwater flow. 

	

5.3 	Eguinment 

Magnetometers commonly used in hazardous waste site investigations include the total 5eld proton 
precession magnetometer, the flux gate magnetometer, and the magnetic gradiometer. ,Text books such as 
Telford (1976) and Nettleton (1976) discuss in detail the operation and construction of these and other 
magnetometers. 
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The total field proton precession magnetometer is the most commonly used magnetometer in hazardous waste 
investigations. This instrument utilizes the precession of spinning protons of hydrogen atoms in a sample 
fluid (kerosene, alcohol, or water) to measure the total tnagnetic field intensity. Total field proton precession 
magnetometers are portable and do not require precise orientation and leveling; the sensor must be oriented 
with one side facing approximately north and the sensor held stationary during the cycling period. Proton 
ptecession magnetometers have no instrument drift, do not require calibrations, are easyto operate, and have 
an accuracy of 0.1 gamma. Most modern proton precession magnetometers have digital readouts and 
electronic storage of data. 

Vertical magnetic gradiometers are magnetometers that measure vertical differences of the earth's total 
magnetic field. Gradient measurements enhance magnetic anomalies resulting frotn near surface magnetic 
source and discrimination between neighboring magnetic anomalies is also enhanced. These measurements 
are generally made using an instrument similar to a total field magnetometer that has two or more sensors 
mounted on a staff. The sensors are vertically separated by a constant distance, usually one to three feet. 
Gradient readings are adversely affected by ferrous metal surface debris since s ignals from this surface debris 
are also amplified. Consequently, removal of surface metal should be considered before conducting a 
gradiometer survey. 

The flux gate magnetometer was developed during World War I1 as a submarine detector. Text books such 
as Telford (1976), RAO and Murthy (1978) explain in detail the principals of operation of the flux gate 
magnetometer. A fluxgate magnetometer can de5nethe boundaries ofregions ofburied ferrous metal objects 
more precisely than the proton precession magnetometer. There are several sources of errors in flux gate 
magnetometers including unbalance in the two coils, therrnal and shock noise, circuit drift and temperature 
sensitivity. The advantages are direct readout, no azimuth orientation, only coarse leveling required, light 
weight and portability (Telford, 1976).  

5.4 	Field Procedures 

Magnetic data are generally acquired at relatively close station spacings (5 to 50 foot intervals) along closely 
spaced (]0 to 50 feet) parallel survey lines. 

Magnetic data can be acquired in a rectangular grid pattern or along traverses. Grid data are readings 
acquired at the nodes of a rectangular grid; traverse data is acquired at fixed intervals along a line. Traverse 
data is oRen preferable to grid data because it generally is less expensive to acquire (heavily vegetated sites 
require time-oonsuming brush cutting to establish a complete grid) and more useful for interpretation than 
an equal number of grid readings. Traverse lines general ly should be oriented in a north-south direction so 
that the maximum amplitude of an anomaly can be detected. However,lineorientationsareoftendependent 
on site obstructions and sources of magnetic noise. 

Station and line spacing intervals are determined on the basis of the desired resolution of the survey. If 
individual drums or clusters of deeply (greater than 25 feet) buried drums are the objective of the survey, 
then a detailed magnetic survey with relatively close station spacings (approximately 5 to 10 feet) and line 
spacings (approximately 10 to 25 feet) should be used. If large metal objects such as 10,000 gallon tanks 
or trenches filled with barrels are the objective of the magnetic survey, then a reconnaissance or screening 
survey with larger station spacings (25, 50, or ] 00 feet) and line spacings of (25, 50, or 100 feet) may be 
appropriate. 
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In conducting a survey, the field operator must avoid or note any apparent sources ofhigh magnetic gradients 
and altemating currents, such as power lines, buildings, and any large iron or steel objects. It is also 
importantthat the opemtor be relatively free of magnetic materials on his/her person and the magnetometer 
sensor be kept clean to avoid possible magnetic particles. Periodicallyduringasurvey,andparticularlywhen 
an anomaly is detected, it is important to establish that the magnetometer is providing valid readings and 
not random, meaningless instrument noise. The simplest means of verifying magnetometer field readings 
is to take several successive readings at one location. These readings should repeat to within fl gamma. 
Readings are taken at predetennined intervals which depend on the nature ofthe survey and which may have 
to be modified depending on the gradients encountered. For detailed surveys, a base station or a set of 
stations occupied seveml times per day, or a continuous monitoring station (within 100 miles) is established 
to check for diumal variations and magnetic storms. At the height ofa magnetic stomr, magnetic surveying 
may be impractical due to the large instantaneous changes in the total magnetic field. 

5.5 	Internretation 

5.5.1 Data Analysis 

Magnetic data can be corrected for diurnal variations; however, diumal changes are generally very gradual 
and linear and should not have the extreme fluctuations associated with buried ferrous metal objects. 
Magnetic data can be plotted in profile forrn or contoured depending upon the survey coverage. Noise 
sources (surface ferrous metal objects, fences, power lines, etc.) should be noted on the profiles or contour 
map so that anomalies due to these known sources can be accounted for. The amplitudes of similar sized 
surface metal objects should be compared. If similar sized ferrous metal surface objects have extremely 
different anomaly amplitudes, it may be an indication that buried ferrous metal objects exist in the vicinity 
of the higher amplitude anomalies. 

5.5.2 Presentation of Results 

The results of a magnetic survey should be presented in profile and/or contour map form. The orientation 
of the traverses should be indicated on profiles and lines of covemge on contour maps. Locations of 
observed ferrous metal and other cultural features (hills, valleys, streams, etc.) should be noted on both the 
profile and the contour maps. 

5.5.3 Interpretation 

Magnetic anomalies can be analyzed both qualitatively and quantitatively. The shape and gradient of an 
anomaly(slope, wave-length, amplitude, etc.) contains enough information to draw qualitative conclusions 
regarding the location and depth of the causative source. 

Quantitative computer modeling interpretations of magnetic data are complicated both by the inherent 
complexity ofdipole magnetic behavior and bythe fact that a number ofdifTerent types and configurations 
of sources can cause the same anomaly. Where the properties of the earth's field and the local geologic 
materials (inclination, declination, susceptibility, and remanent magnetization) are well known, reasonable 
assumptions regarding the nature of the source can be made, and a fairly accurate model of the source 
generally can be derived. 
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5.6  Advantages and Limitations 	 ( 
~ 

Advantages of the magnetic survey method include: 

• 	Rapid operation 
• 	Low expense 
• 	Identification of buried metal (ferrous) 
• 	Sensitivity to small ferrous objects 

Limitations of the magnetic survey method include: 

• 	Susceptible to effects of manmade structures, utilities, buildings, fences, etc. 
• 	Detection is limited to the distance to and quantity of fenous metal present 

6.0 QUALTi'i' ASSURANCE RECORDS 

All data will be record'ed in Field Logbooks and/or data logging sheets designed for this procedure. All data 
will be entered with the following basic infonnation: date, start and end tunes, location, personnel on site, 
equipment, project number, site conditions, and weather. 
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1.0 PURPOSE 

The purpose of this SOP is to provide general reference information for using seismic methods. 

2.0 	SCOPE 

This SOP indicates the nortnal methods and techniques that may be used and the manner for interpretation 
of seismic data_ 

3.0 	DEFINTI'IONS 

Geonhone - Vibration sensitive detectors. 

Hvdronhones - Pressure sensitive detectors. 

Reflection - The retumed energy from a shot or other seismic source which has been raflected from an 
acoustic-impedance contrast. 	 - 

Refraction - The deflection of the direction of a wave propagation when waves pass obliquely from one 
velocity material to another. 

Shot points - Origin of shock waves 

Snell's L.aw - Law of refraction. 

Zero time - Exact moment of shock wave origin. -  - 

4.0 gFSPONSIBILITIES 

Proiect Manaeer - The Project Manager is responsible for ensuring that the project-speci5c plans are in 
accordance with these procedures, where applicable, or that other approved procedures are developed. The 
Project Manager is responsible for ensuring that the personnel operating and interpreting the geophysical data 
are trained, skilled in that endeavor, so far as to receiving documentation on the training and experience of 
the operating personnel. 

Field Team Leader - The Field Team Leader is responsible for selecting and detailing the geophysical 
technique and equipment to be used. It is the responsibility of the Field Team Leader to ensure that these 
procedures are implemented in the field and to ensure that the field investigation personnel performing the 
activities have been briefed and trained to execute these procedures. 
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5.0 PROCEDURES 

	

t  — 	5.1 	Overview 

Seismic exploration methods utilize the natural energy transmitting properties of soils and rocks and are 
based on the principle that the velocity at which seismic waves travel through the earth is a function of the 
physical properties (elastic moduli and Poisson's ratio) ofthe materials. Interpretations are based on the time 
required for a seismic wave to travel from a source to a series ofvibration sensitive detectors (geophones) 
located at speci5c intervals along the ground surface. The resultant seismic velocities are used foc 

• 	Material identification. 
• 	Stratigraphic correlation. 
• 	Depth determinations. 
• 	Calculation of elastic moduli values and Poisson s ratio 

A variety of seismic wave types, differing in resultant particle motion, are generated by a near surface 
seismic energy source. The two types of seismic waves for seismic exploration are the compressianal (P) 
wave and the shear (S) wave. Particle motion resulting from a P-wave is an oscillation, consisting of 
alternating compression and dilatation, oriented parallel to the direction of propagation. An S-wave causes 
particle motion transverse to the dinection of propagation. The P-wave travels with the higher velocity of 
the two waves and is of greater importance for seismic surveying. The following discussions are concerned 
principally with P-waves. 

Possible seismic wave paths include a direct wave path, a reflected wave path or a refracted wave path. 
These wave paths are illustrated in Figure l. The different paths result in different travel times, so that the 
recorded seismic wave form will theoretically show three distinct wave arrivals. As one would expect, the 
direct and refracted wave paths are important to seismic refraction exploration while the reflected wave path 
is important for seismic,reflection studies.  

Seismic waves incident on the interface between materials of different elastic properties at what is termed 
the critical angle are refracted and travel along the top of the lower layer. The critical angle is a function of 
the seismic velocities of the two materials. These same waves are then refracted back to the surface at the 
same angle. The recorded arrival times ofthese refracted waves, because they depend on the properties and 

~ geometryofthesubsurface,canbeanalyzedtoproduoeaverticalprofileofthesubsurface.Informationsuch 
as the number, thickness and depths of stratigraphic layers, as well as clues to the composition ofthese units 
can be ascertained. 

The first arrivals at the geophones located very near the energy source are direct waves that travel through 
the near surface. At greater distances, the first arrival is a refracted wave as illustrated in Figure 2. Lower 
layers typically are higher velocity materials, therefore the refracted wave will overtake both the direct wave 
and the reflected wave, because ofthe time gained traveling through the higher velocitymaterial compensates 
for the longer wave path. Depth computations are based on the ratio of layer velocities and the distance from 
the energy source to the point where refracted wave amvals over[ake direct arrivals. Only reflected waves 
will be produced, when the angle of incidence is vertical or exceeds the critical angle. 
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Source: Benson, Glaccunt and Noet (7982) 
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A constraint on refraction theory is that material velocities ideally should increase with depth. Although not 
the usual case, if a velocity inversion exists, i.e. where a low velocity layer is overlain by a higher velocity 
layer, depths and seismic velocities can be calculated but the uncertainty in calculations is increased unless 
borehole data are avai►able. 

The basis for seismic reflection surveying is the time required for a seistnic wave to travel from the source, 
to a discrete reflector interface and for the reflected wave to retum to the surface (two-way travel time). 
Both the energy of the raflected wave and the diagnostic wave form are a function of acoustic impedance 
contrast across the interface. Acoustic impedance characteristics of a material depend on seisrttic velocity 
and density. 

More rigorous discussions of seismic wave theory as applied to seismic reflection and refraction can be found 
in Dobrin (1976), Telford and others (1976), Griffiths and King (1981), and Mooney (1977). 

5.2 	APplications 

The seismic refraction technique is an accurate and effective method for determining the thickness of 
subsurface geologic layers. Applications for groundwater and hydrogeologic studies include: 

• 	Continuous profiling of subsurface layers including the bedrock surface; 
• 	Water-table depth determinations; 
• 	Mapping and general identification of significant stratigraphic layers; 
• 	Detection of sinkholes and cavities; 
• 	Detection of bedrock fracture wnes; and, 
• 	Detection of filled-in areas. 

Seismic refraction investigations are particularly useful because seismic velocities can be used for material 
identification. Figure 3 presents a guide to material identification based on P-wave seismic velocities. In 
rocks and compacted overburden materials, the seismic waves travel from grain to grain so that the measured 
seismic velocity value is a direct function of the solid material. In porous or fractured rock and most 
overburden materials the seismic waves travel partly or wholly through the fluid between the grains. 

Seismic compressional wave velocities in unconsolidated deposits are significantly affected by water 
saturation. The seismic velocity values of unsaturated overburden materials such as gravels, sands and silts 
generally fall in the range of 1,000 to 2,000 ft/sec. When these materials are water saturated, that is when 
the space between individual grains are 100% filled with water, the seismic velocities range from 4,800 to 
5,100 ft/sec, equivalent to the compressional P-wave velocity of sound in water. This is because the seismic 
wave assumes the velocity ofthe faster medium, that of water. Even a small decrease in the saturation level 
will substantially lower the measured P-wave velocity of the material. Because of this velocity contrast 
between saturated and unsaturated materials, the water table acts as a strong refractor. 
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Seismic investigations over unconsolidated deposits are used to map stratigraphic discontinuities and to 	/ 
unravel the gross stratigraphy of the subsurface. These can be vertically as in the case of a dense till layer 
beneath a layer of saturated material or horizontally as in the case ofthe boundaries of a fill material. Often 
these boundaries represent significanthydrologic boundaries, such as those between aquifers and aquicludes. 

A common use of seismic refraction is the determination of the thickness of a saturated layer in 
unconsolidated sediments and the depth to relatively impermeable bedrock or dense glacial till (see Figure 
3). Continuous subsurface profiles and even contour maps on the top of a particular horizon or layer of 
interest can be developed from a suite of seismic refraction data. 

Bedrock velocities vary over a broad range depending on variables which include: 

• 	Rock type 
• 	Density 
• 	Degree of jointing/fracturing (and fracture saturation for compressional waves) 
• 	Degree of weathering 

Fracturing and weathering generally reduce seismic velocity values in bedrock. Low velocity zones in 
seismic data must be evaluated carefully to determine if they are due to overburden conditions or 
fractured/weathered or perhaps even faulted bedrock. 

Seismic reflection surveys are generally used for greater depths of investigation (hundreds of feet). High 
resolution shallow reflection surveys have had some limited success in the upper few hundred feet but only 
under ideal conditions (flat surface topography and subsurface layering) and are not considered generally 
applicable to resolving the data objectives of shallow seismic investigations. In particular, the reflection 
technique does not directly measure seismic velocities, a necessary element to interpreting subsurface seismic 
data from a hydrogeologic viewpoint 

5.3 	Eguinment 

The basic equipment necessary to conduct a seismic refraction investigation consists of: 

• 	Energy source 
• 	Seismometers (Geophones) 
• 	Seismic cables 
• 	Amplifier 
• 	Recording unit 

Geophones are sensitive vibration detectors which convert ground motion to an electric voltage for recording 
the seismic wave arrivals. Seismic cables, which link the geophones and amplifier, are generally fabricated 
with pre-measured locations for geophones and shot points definitions_ The amplifier increases the voltage 
output of the geophones and is capable of selectively filtering the signal_ 

Recording of seismic data is conducted in either analog or digital formats with single or multichannel 
recording equipment. Multichannel data acquisition systems (12 or 24 channel) are much preferred and 
necessary for al l but the simplest of very shal low surveys. In general, the greater the number of channels the 
more data is available for analysis which results in higher resolution of seismic velocities and depth 
determinations. Analog records are paper prints of the geophone response to seismic wave arrivals from 
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which the travel time between the shot and the first arrival signals for each geophone can be measured 
directly. Figure 4 is an example of an analog racord showing one necorded trace for each geophone, vertical 
timing lines, zero-time break and the first arrival signals at each geophone. A magnetic media recorder is 
required for digital recording. Digital recording and subsequent computer processing enable more extensive 
and detailed interpretation of seismic dataa 

Energy sources used for seismic surveys are categorized as either non-explosive or explosive. The energy 
for a non-explosive seismic signal can be provided by one of the following: 

• 	Airgun 
• 	Seisguns 
• 	Weight drop 
• 	Sparker 
• 	Sledgehammer (very shallow penetration) 
• 	Vibrators (for reflection surveys) 

Explosive sources can be categorized as: 

Dynamite 
Primers 
Blasting agents 

Choice ofenergy source is dependent on site conditions, depth of investigation, and seismic technique chosen 
as well as local restrictions. Explosive sources may be prohibited in urban areas where non-explosive 
sources can be routinely used. Deeper investig_ations usually require a larger energy source; therefore, 
explosives may be required for sufficient penetration. 

5.4 	Field Procedures 

A single channel seismograph is the simplest seismic instrument and is used with a single geophone and 
usually a hammer source. The geophone is usually placed at a fixed location and the hammer struck at 
regularly increasing distances from the geophone. First wave anival times are identified in the instrument 
display, logged in a field book, and immediately plotted on a time distance (TJD) plot. Single channel 
seismographs should only be used for the shallowest of surveys where the depth of investigation is less than 
20 feet. A signal enhancement capability can somewhat expand the depth of investigation to 50 feet or more 
under ideal circumstances. Multichannel seismographs that increase the rate of data acquisition are more 
commonly used. With the appropriate energy source and geophone spacings, multichannel systems are used 
to record data from great depths, up to 1,000 feet and more. 
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The most commonly used method of seismic refraction surveying is reversad profiling_ It is accomplished 
by setting out a straight-line array of geophones and then recording the signals caused by a source at one 
end and then the other, allowing the production of a two-dimensional subsurface cross-section. 

At a minimum, data are recorded for each spread location twice. This is accomplished by recording with the 
energy source at each end of the spread. This procedure is termed reversing the profile. Reversed profiling 
results in measured travel times in two directions and is necessary to accurately map dipping interfaces and 
transition zones. Continuous profiling is accomplished by having the energy source location (shot point) of 
one spread coincident with an end or intermediate shot point of the succeeding spread. 

Seismic refraction surveys may be conducted on a grid basis, or along a single line depending on the type 
of data required, site size, and the time and budget constraints. Setting out a grid of shotpoints allows a 
three-dimensional subsurface stratigraphic map to be produced. Additional seismic energy source points 
located along the profrle will produce more seismic data with which to construct subsurface profiles and to 
control lateral variations in material and the resultant changes in seismic velocities. Additional survey 
techniques for assessing lateral varia6ons include broadside shooting, in which the shotpoints and geophones 
are located along parallel lines, and fan shooting, in which the geophones are laid out in a fan shape with the 
shot point at its apex. 

To acquire seismic refraction data, a specific number of geophones are spaced at regular intervals along a 
straight line on the ground surface; this line is commonly referred to as a seismic spread. The length of 
spread determines the depth of penetration; a longer spread is required for a greater depth of penetration. 
Spread length should be approximately three to five times the required depth of penetration. Required 
resolution will control the number of geophones in each spread and the distance between each geophone. 
Closer spacings and more geophones usually result in more detail and greater resolution. 

Since the seismic method measures ground vibration, it is inherently sensitive to noise from a variety of 
sources such as traffic, wind, etc. Signal enhancement is a significant aid when working in noisy areas and 
with smaller energy sources. Enhancement capability is available in most single and multichannel systems. 
Enhancement is accomplished by addiog a number of seismic signals from a repeated source. This causes 
the seismic signal to "grow" out of the noise level, permitting operation in noisier environments and at 
greater hammer-to-geophone spacings. The overall results provide a more accumte measurement ofthe first 
arrival time. 

The locations of individual seismic spreads and pro5le lines should be consistent with the desired subsurface 
information. Where a bedrock depression of a feature is suspected, seismic lines should be oriented 
perpendicular to the suspected trend of the feature. Seismic cross profiles may be necessary to conflrm 
depths to a particular refracting horizon, especially when there are steeply dipping layers involved as on the 
edge of the bedrock valley. At a site where little information is known about subsurface layering trends, at 
least two seismic lines oriented in "T" or "L" an -angement should be completed and the data assessed before 
further refraction profiling. 



page 12 of 17 
r 
~ 

In addition to equipment and basic data considerations, other important presurvey concems are: 

• 	Topography 
® 	Geology 
® 	Vibration generating activities 
® 	On-site utilities and other cultural features (buildings, etc.) 

The topography of a site dictates whether or not surveyed elevations are required. If possible, refraction 
profile lines should be positioned along level topography. For highly variable topography, a continuous 
elevation profile may be required to ensure sufficiently accurate cross-sections and to permitthe use oftime 
con-ections in the interpretation of the refraction data. 

Knowledge of site geology can be used to determine the energy source. Some geologic materials, such as 
loose, unsaturated alluviuni, do not transmit seismic energy as well and a larger energy seismic source may 
be required. Geologic conditions also dictate wbether or not drilled shotholes are require,d. 

Cultural effects such as vibration generating activities, on-site utilities and buildings affect where data can 
be acquired, and wherethe lines are located. High volume traffic areas may require nighttime acquisition. 
If th'e survey is to be conducted near a building where vibration-sensitive manufacturing is conducted, data 
acquisition may be constrained to particular time intervals and appropriate energy sources must be used. 

Data recorded in the field must include the coordinates (locations) of all nreeiver locations and shotpoints 
as well as specifics of the seismic energy source, electronic filtering and amplification used and in the case 
of direct read out seismographs, the travel times in milliseconds. 

The data output of a seismograph depends upon the number of geophones used and the style of recording 
output_ Multichannel seismographs may produce a travel-time versus distance chart which can be utilized 
directly to determine velocities and depths. Single channel recorders will require the operator to manually 
produce a travel-time chart of each shot as the source-receiver distance is changed. In all cases, the 
preferred format of data presentation is a graph in which travel time in milliseconds in plotted against 
source-receiver distance. From such a chart, the velocities of each layer can be obtained directly from the 
slope of each straight line segment, and information on layer parameters can be subsequently calculated. 
Figure 5 is a flow diagram showing the steps in processing and interpretation of seismic refraction data_ 

Seismic reflection surveys are generally used for deeper depths of investigation (hundreds of feet). Field 
procedures for seismic reflection are similar to those used in refraction. Reflection surveys are usually 
conducted with shorter receiver spreads and more geophones compared to a refraction survey for similar 
depths. In addition to the first arrival, numerous reflected arrivals are recorded at each geophone. Due to 
the many wave arrivals at each geophone and the degree of processing necessary to analyze these amvals, 
most seismic reflection data are recorded digitally, and computer processing is required for detailed and 
refined interpretation. 
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The results of any seismic survey, refraction or reflection are usually presented in profile form showing 
elevations ofseismic horizons. Data acquired on a grid basis can be contoured and used to construct isopach 
maps. Seismic velocities and, therefore, generalized material identifications should be presented on 
refraction pro5les along with any test borings used for correlation to establish confidence in the overall 
subsurface data, both seismic and borings. 

The success of any seismic survey is a direct function of the training and experience of the personnel 
involved. High quality field data must be obtained; poor quality data, instrumentation problems, etc. must 
be icnmediately recognized in the field and the appropriate measures taken to correct the situation. In the 
refraction interpretation process, the interpreter needs to be constantly aware of travei time anomalies, 
whether they be individual arrivals or along the entire spread. The interpreter should be aware of lateral 
velocity changes and apparent velocities, and be capable of calculating time velocities, dip angles, etc. The 
text book situation of a flat lying, two or three layer case, is the exception. Reflection also requires highly 
trained field personnel and interpreters knowledgeable ofthe sophisticated computerprocessing techniques. 

5.5 	Internretation 

55.1 Refraction Data Interpretation 

Interpretation of seismic refraction data involves solving a number of mathematical equations with the 
refraction data as it is presented on a travel-time versus distance charL Analog seismic refraction data can 
be processed by plottingthedata by hand and using a hand calculator. Travel times forthe first arrival waves 
at each geophone are measured from the analog record. For a site containing horizontal stratigraphic layers 
of increasing velocity, the travel time chart will consist of a series of overlapping straight line segments of 
decreasing slope. Each line segment (1/(time/distance)) is equal to the seismic velocity in a layer. Using 
these velocities the critical angle of refraction for each boundary can be calculated using Snell's Law. Then, 
utilizing these velocities, and angles and the recorded distances to crossover points (where line segments 
cross), the depths and thicknesses of each layer can be calculated using simple geometric relationships. 

Thicknesses of velocity layers are calculated by either the critical distance or time intercept methods 
(Redpath, 1973). Accurate depth calculations are dependent on the assumption that the velocity of each 
geologic layer increases with depth. If that is not the case, additional corrections musEbe applied. 

Critical Distance Method. The critical distance X. is determined by constructing a line from the intersection 
of the two straight-line velocity segments perpendicular to the X-axis. Depths to refracting horizons are 
calculated by using the critical distance and the layer velocities. 

Time Interceat Method. Time intercept values for each layer are detennined by extending the velocity tine 
segments to intersect the y-axis. That intersection is the time intercept for that layer. Depths using the time 
intercept method are calculated from the intercept time and the layer velocities. 

The section developed in Figure 5 was produced using the critical distance method. If the profile had not 
been "reversed," that is, had there not been a shot at each end, the dipping interfaces and the detail would 
not have been resolved. Important corrections which should also be evaluated are: 

Depth of shot 
Topography 
Velocity inversions 
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Thereareanumberofcomplicatingfactors. Wherereverseprofilesindicatedippingboundaries,calculation 
of dips, true depths and true velocities involve more complicated equations_ Furthecmore, corrections for 
differing elevations and varying thicknesses of weathered zones must often be made. Fracturing and 
weathering generallyreduce seismic velocity values in bedrock. Consequently, travel-time plots with late 
arrivals must be evaluated carefully to determine if the late arrival times (slower velocities) are due to 
overburden conditions or fractured/weathered bedrock. 

V ery thin layers or low velocity zones often complicate the travel-time chart as well. Although not the usual 
case, one constraint on refraction theory is that material velocities ideally should increase with depth. If a 
velocity inversion exists, i.e. where a low velocity layer is overlain by a higher velocity layer, depths and 
seismic velocities can be calculated, but the uncertainty in calculations is increased unless borehole velocity 
data are available. hTegular boundaries cannot be adequately resolved with time-distance analysis. Instead, 
another form of analysis involving delay-time is used in these situations. 

Although seismic refraction is very useful in conflrming subsurface structures and performing neconnaissance 
surveys, it should be noted that multiple interpretations for each data set are possible. Additional 
independent information for correlation purposes is very important to the interpretation. 

5.5.2 Reflection Data Interpretation 

For smaller depths of investigation, reflection surveys are usually conducted with shorter spn:ads but wii.h 
more geophones compared with a refraction survey. In addition to the first arrival, the entire waveform is 
of interest in seismic reflection. Due to the amval of many reflected waves at each geophone and the large 
extent of processing necessary to establish coherency for these aaivals, most seismic reflection data are 
recorded digitally, and computer processing is required for detailed and refined interpretation. Corrections 
that should be applied include, but are not limited to: 

• 	Normal move-out (correction for source-to-geophone distances) 
• 	Thickness overburden and layers 
• 	Migration of reflector points 
• 	Signal filtering and enhancement 

After computer processing, the data are printed as a variable density plot, on which waveforms show discrete 
reflectors which represent material boundaries. A cross-section based on horizontal distance versus travel 
time can be constructed from this plot. Only after a depth calibration is provided by means of drilling or 
velocities determined by uphole/downhole or refraction surveys can a cross-section be drawn. 

5.6 	Advantaees and Disadvantaees 

The seismic refraction technique, when properly employed, is the most accurate of the geophysical methods 
for determining subsurface layering and materials. It is extremely effective in that as much as 2,000 lineal 
feet or more of profiling can be acquired in a 5eld day. The resulting pro5les can be used to minimize 
drilling and place drilling at locations where borehole information will be maxiniz.ed resulting in cost 
effective exploration. A standard drilling program runs the risk of missing key locations due to drillhole 
spacings. This risk is substantially reduced when refraction is used which produces a continuous subsurface 
profile. 
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In summary, the advantages and limitations of the seismic techniques are: 	 's r 

Seismic Refraction 

Advanta¢es 
® 	Material identification 
• 	Subsurface data over broader areas at less cost than drilling 
® 	Relatively accurate depth detennination 
® 	Couelation between drillholes 
• 	Preiiminary results available almost immediately 
® 	Rapid data processing 

Limitations 
• 	As depth of interest and geophone spacings increase, resolution decreases 
• 	Thin layers may be undetected 
• 	Velocity inversions may add uncertainty to calculations 
• 	Susceptible to noise interference in urban areas which require use of grounded cables and 

equipment, signal enhancement and alternative energy sources 

Seismic Reflection 

Advantaees 
• 	Higher resolution 
• 	Velocity inversions do not affect accuracy 
• 	Smaller energy sources required 
• 	Shorter spreads necessary 

Limitations 
• 	Precision interpretation requires computer processing 
• 	Generally more expensive than refraction 
• 	Not fully proven for shallow applications 

6.0 QUALTTY ASSURANCE RECORDS 

Field data will be recorded in Field Logbooks or data logging sheets recording directly from the data logger. 
AIl data entries will have the following information: date, site name, start and end times (in military time), 
name of personnel on site, and weather. 
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The purpose of this SOP is to provide general reference infonnation for using and interpreting electrical 
resistivity surveying. 

2.0 	SCOPE 

This SOP indicates the normal methods of interpreting and implementing resistivity data. The description of 
field implementation methods, data acquisition and recording are described herein. 

3.0 DEFINTPIONS 

Finite-element modelinQ - A numerical method of approximating a solution to differential equations. 

Hertz - A unit of frequency. One hertz equals one cycle per second. 

Imoedance - The apparent resistance to the flow of altemating current; analogous to resistance in a direct 
current circu it. 

Milliamu - A unit of electric current flow, equal to one thousandth of an ampere. 

Sinusoidal - An adjective describing a curve in the-pattem of a sine function (mathematics). 

Soundine - Measurement of geoelectrical properties as they vary with depth. 

Square wave - A waveform consisting of altemating positive and negative portions. 

4.0 	RESPONSIBILITIES 

Proiect Mana¢er - The Project Manager is responsible for ensuring that the project-specific plans are in 
accordance with these procedures, where applicable, or that other approved procedures are developed. The 
Proj ect Manager is responsible for ensuring that the personnel operating and interpreting the geophysical data 
are trained, skilled in that endeavor, so far as to receiving documentation on the training and experience of 
the operating personnel. 

Field Team Leader - The Field Team Leader is responsible for selecting and detailing the geophysical 
technique and equipment to be used. It is the responsibility of the Field Team Leader to ensure that these 
procedures are implemented in the field and to ensure that the field investigation personnel performing the 
activities have been briefed and trained to execute these procedures. 

( 
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5.0 PROCEDURES 

5.1 	Overview 

Electrical resistivity surveying is an active geophysical technique that utilizes electrical measurements 
obtained on the ground surface to determine physical properties ofsubsurface materials. Typicallyan electric 
current is applied to the earth using two electrodes (current electrodes C, and C 2); the resulting potential 
difference or voltage is measured between a second pair of electrodes (potential electrodes P, and P 2) as 
shown on Figure 1. An `apparent resistivity" is then calculated using values forthe applied current, measured 
voltage, and electrode separation. 

The values measured during a field program are known as "apparent" resistivities because they can be a 
composite of resistivity values for several layers. For a single isotropic homogeneous material, the apparent 
resistivity would equal the true resistivity. 

Resistivity and its reciprocal, electrical conductivity (1/resistivity= conductivity), are inherent properties of 
soil, rock, and groundwater. The resistivity of an earth material depends on the following: 

• 	Material composition 
• 	Water content (porosity and degree of saturation) 
• 	Salinity or ion content of the water 
• 	Permeability 
• 	Temperature 

Most soil and rock materials are relatively poor electrical conductors (i.e., exhi bit high resistivities) compared 
with groundwater. An applied electrical current is conducted almost entirely by water in the pore spaoes or 
fractures of soil or rock rather than by the soil or rock alone. This applies to the unsaturated and vadose 
zones, because in general there is some moisture in unsaturated media. Pure water is non-conductive, but 
most groundwater contains dissolved salts and hence is somewhat conductive. 

The approximate ranges of resistivity for common soil and rock types are shown on Figure 2. The ranges of 
resistivity values for a si ngle material generally ind icate resistivity variations between dry and water-saturated 
conditions. Dry sands, gravels, and massive unweathered rock typically exhibit relatively high resistivities; 
whereas, clays, clayey ti Its, water-saturated sediments, and weathered rock (chemically broken down to clays) 
tend to have lower resistivities. 

Resistivity measurements are commonly used to delineate either changes in resistivity with depth or lateral 
variations in resistivity. These applications are known respectively as: 

• 	Vertical electrical soundings (VES) 
• 	Horizontal profiling 
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FIGURE 1 
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In VES surveys the center of an electrode array is kept at a fixed position, and resistivity measurements are 	/ 
obtained at successively larger electrode spacings. Measurements at the longer electrode separations sense 
deeper into the earth to identify geoelectrical layering in soil and rock. These data are often used to identify 
the water table, clay layers, and the bedrock surface, and to select optimum electrode spacings for horiwntal 
profiling surveys 

In horizontal profiling, the electrode spacing is kept constant and the array is moved across the survey area. 
Profiling measurements are often repeated with at least two different electrode separations to identify lateral 
variations at more than one depth. 

A variety ofelectrode arrrays are used for resistivity surveys. The most common ones will be discussed in this 
section. In all of the arrrays listed below, the electrodes are arranged in a straight line. Differences between 
the arrays consist ofvariations in electrode spacing and relative position. The most ccmmonly used electrode 
atrays (see Figure 3) are: 

• 	Wenner (and Lee modification of Wenner) 
• 	Schlumberger 
• 	Dipole-dipole 

These three arrays measure the induced electrical (potential) field differently, thus the arrays have different 
applications. The Wenner array measures an "average" of the induced polential because its potential 
electrodes are relatively far apart. This averaged measurement renders the Wenner array suitable for VES 
surveys, but it is Iess sensitive to horizontal variations in resistivity. 

The Lee modificatiomof the Wenner array involveathe addition ofa third potential electrode halfivay between 
P, and P. (see Figure 3). Three potential measurements are taken, using electrodes P, - P z  (normal), P, - P. 
(Lee left), and P. - P a  (Lee right). Apparent resistivities are calculated for the Lee left and right 
measurements. If the left and right measurements do not each equal one-half of the normal measurement, 
there is either a measurement error or a lateral variation in resistivity in the vicinity ofthe potential electrodes. 

In the Schlumberger array the potential electrodes are relatively close together compared to the current 
electrodes, and the array measures the first derivative ofthe induced potential field. The Schlumberger anay's 
performance is comparable to that ofthe Wenner array for VES applications, but has greater sensitivity in 
horizontal profiling. Generally, only the current electrodes are moved in a Schlumberger VES survey. This 
is simplerthan Wenner VES measurements, in which four electrodes must be moved, but it can result in larger 
measurement errors. Because of the closely-spaced potential electrodes the voltages measured in a 
Schlumberger survey are smaller than those measured in a Wenner survey, and an error in potential 
measurement has a greater effect on Sch lumberger- calculated resistivities. At sites where many local 
variations in resistivity occur near the ground surface, Schlumberger results may be less noisy because the 
potential electrodes are kept in the same material for several readings. Wenner results for the same area will 
be more noisy because the potential electrodes are in different media for each reading. 



FIGURE 3 1  

Page 7 of 17 . 
Io WENNER 

PO =27Ta AV/d 

AV token between P, Pz  

1~ a ~ a a 

C, 	 P, 	 PZ 	 CZ  

Ib LEE._MODIFICATION OF WENNER 

fJa  = 47Ta A V/I 
AV token between P, P. and POPz  

~ a 	t a/z  _ra/Z  it  a 	♦  
Ci 	Pt 	- Po 	Pz 	Cz 

II SCHLUMBERGER 
7TLZ  AV 

Pa` a i 
AV taken between P.P, 

G 
C, 	Pii Pz 

~ 
'— L —~ -- L  —~ 

IQ DIPOLE-DIPOLE 
Pa =  71•( a3/b2'a)~'V~I 
AV token between P~Pz  

b~~ 
Ct 	~ 	Cz  

i  

• ~ b/Z 
a] 

~ b —~-{ 

P~ 	~ 	jIP~Z  
~ 
~ -.. bjz  

ELECTRODE ARRAYS USED IN SOUNOtNG ANO PROFILING SURVEYS 



Page 8 of 17 

The Wenner and Schlumberger arrays have some similarities. Both can be used for profiling or VES surveys, 
and both have a maximum depth of investigation related to the current electrode separation (approximately 
one-third of the Wenner "a-spacing" or one-ninth of the Schlumberger current electrode separation). 
Schlumberger profiling measurements have greater sensitivity to lateral resistivitychanges, and Schlumberger 
VES data have less error due to heterogeneous near-surface materials. Wenner measurements are more 
accurate at sites where small potential voltages are induced, including sites with low resistivity (high 
conductivity) clays. Either Wenner or Schlumberger arrays may be used for reconnaissance and detailed 
measurements by varying the spacing between profile traverses or sounding locations. Widely spaced 
traverses or soundirigs are used for reconnaissance surveys or for delineation of large targets (horizontally 
extensive clay or gravel layers). Closely spaced data are required for identiScation of localized features such 
as discrete zones of leachate migration, etc. 

Dipole-dipole measurements represent the second derivative ofthe induced potential field; they are thus more 
sensitive to lateral changes in resistivity than the Wenner or Schlumberger arrays, but less sensitive to changes 
withdepth. Adipole-dipolesurveyisbetter-suitedtolocatingdiscretefeatures(buriedmetal,igneousdikes, 
solution cavities), and should not be used for identification of soil and rock layering. 

5.2 	Applications 

Contrasts in resistivity for some geologic materials (see Figure 2) make resistivity surveying a valuable 
technique for many applications including: 

• 	Depth to groundwater 
• 	Delineation of conductive contaminant plumes and/or buried wastes 
• 	Locating fresh/salt water interfaces 
• 	Detecting a perched water table 
® 	Distinguishing bedrock and sediment lithologic types and contacts 
• 	Identification of wnes of weathered bedrock, fractures, and possibly solution cavities 

Examples of resistivity applications including identiScation of buried stream channels, mapping the 
groundwater table, and clay layers may be found in Zhody et al. (1974) and Yazicigil and Sendlein (1982). 

Resistivity surveys have occasionally been applied to the problem of detecting electrically resistive 
contaminants; however, this procedure is generally not possible. Successful applications of resistivity in 
organic contaminant identification requires (1) conductive contaminants (landfill leachate, chlorides, iron 
oxides, dissolved nitrates and salts) associated with the organic compounds, or (2) a layer of organic product 
(hydrocarbons including gasoline, PCBs) several feet thick which displaces the groundwater table. 

Resistivity data are well-suited for correlation and verification by a variety of geophysical techniques and/or 
test borings. Possible correlative geophysical techniques for the applications listed above include seismic 
retmction, electromagnetic terrain conductivity, ground penetrating radar (GPR), and magnetometry. 
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53 	Eguipment 

Basic field equipment needed for resistivity surveying includes: 

• 	Two current electrodes 
• 	Two or three potential electrodes 
• 	Insulated connecting cables 
• 	Non-conductive fiberglass measuring tapes 
• 	Souice of electric current 
• 	Voltage measurement device 

Resistivity instrumentation comes in a variety of designs with widely varying capabilities. Advantages and 
limitations of four popular designs will be discussed in this section. 

The simplest resistivity instruments are known as "DC" (direct current) devices. They apply a direct current 
to the earth and measure the resulting AC potential with a high-impedance (at least I x 10` ohm) volt meter. 
Because SP (self-potential) voltages can adversely affect the accuracy ofsimple DC resistivity measurements, 
these instruments usually contain a"nulling" or "balancing" circuit to remove the SP effect; although SP 
constitutes a form of noise in a resistivity survey, SP measurements can also be used as a geophysical 
exploration technique (see Section 8.50). If SP is varying rapidly in the area of investigation, then its effect 
is nearly impossible to remove or compensate; for this reason, simple tJC resistivity measurements are not 
suitable for all field areas (see Section 8.5.1 for a discussion of SP sources). 

A more versatile resistivity meter is known as the low-frequency "AC" (altemating current) type. This 
instrument uses a sinusoidal applied current, usually of only a few hertz, to avoid some of the interference 
caused by SP. Both the DC and low-fnequency AC meters are best-suited for relatively shallow 
investigations, with depths of investigation less than about 100 feet, in soils that are neitherhighly conductive 
nor highly resistive. These limitations are imposed by the small battery-powered current transmitters used. 
Current output of these units is measured in tens of milliamps at less than one thousand volts. 

More powerful resistivity equipment is also available, using sinusoidal AC or square-wave DC transmitters 
powered by portable electric generators. These units often have a transmitterand receiver mounted in separate 
housings to provide greater versatility and to minimize electrical interference between the transmitting and 
receiving circuits. They also have the capability of producing up to tens of amperes of current at several 
thousand volts, sufficient for surveys in highly resistive or conductive media at maximum depths much greater 
than battery powered instruments. 

Recent innovations in electronics design have resulted in a fourth type of resistivity meter that fills a niche 
between the standard battery and generator powered AC instmments. These units are also battery-powered, 
but produce electric currents with unique waveforrns. Voltage measuring circuits in these devices are 
designed to recognize the specific waveform produced by the transmitter, thus enabling measurement ofweak 
potentials in somewhat noisy cond itions. Signal enhancement (summing of a few voltage measurements) is 
usually offered with these instruments and also contributes to improved resolution. This type of resistivity 
meter is capable of operation in more resistive or conductive media than the low-frequency AC meters, and 
can also be used to investigate deeper structures. 
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5.4 	Field Procedures 

Field procedures involve placing electrodes at the intended separations, connecting the electrodes to the 
transrnitter and receiver, and obtaining current and potential measurements. Electrode locations should be 
determined with non-conductive rtteasuring tapes to avoid providing an altemative path for the applied 
current. Fiberglass tapes are cotnmonly used. Most resistivity surveys are performed with metal electrodes 
which are driven into the ground. Steel and copper-clad steel are common electrode materials, although other 
metals may be used. Electrodes of dissimilar rttetals should not be used during a survey (e.g. three steel 
electrodesandonealuminumelectrode)becauseunusuallylargeself-potentialscanbegenerated. Electrodes 
are usually driven one to three feet into the ground. Water is poured around each electrode, if needed, to 
decrease the resistance between the electrode and earth materials. Copper sulfate solutions have historically 
been used to improve electrode contact, but tap water is usually sufficient. 

At sites with strong self-potential noisa effects, use of DC resistivity instmmentation may necessitate 
non-polarizing electrodes. These special electrodes are cotnmonly of the porous-pot type, consisting of an 
unglazed ceramic pot cwntaining a metal electrode and a saturated electrolytic solution. The solution must 
be of a salt of the same metal as the central electrode; e.g., a solution of copper sulfate is often used with a 
copper electrode. The porous pot is placed on the ground surface, and electrical contact with the earth is 
achieved by seepage of the electrolytic solution through the porous cetamic. Finally, the electrode is 
connected to the resistivity instrumentation by insulated wire. 

Quality assurance is important in resistivity field procedures. This entails careful measurement of electrode 
positions, checking resistances across potential and current electrodes to ensure good contact with the earth, 
and plotting calculated apparent resistivities in the field to quickly make identification of spurious readings. 
Instrument calibration is not usually of concem because the equipment is calibrated by its manufacturer. 
Verification of the equipmenYs operating condition can be obtained by repeating resistivity measurements at 
a known location prior to conducting field work. 

Careful planning is another significant factor in conducting resistivity surveys. Parallel lines should be tied 
together with a perpendicular line, or by using another geophysical technique such as EM or seismic. To 
minimize errors from fences or other cultural features, electrode arrays should be placed perpendicular to 
metal fences or other linear conductive objects. Topographic effects are minimized'if the electrodes are 
maintained at nearly the same elevation; a VES survey is best perfomted along hillside contours, not up and 
down the hill. 

5.5 	Interpretation 

5S.1 Data Analysis 

Analysis of resistivity data involves different procedures for horizontal profiling, VES surveys, and 
dipole-dipole surveys. Horizontal profiling data is contoured orplotted on linear graph paper, with apparent 
resistivity values on the y-axis and distance along the traverse on the x-axis. The contour tnap or pro5les 
are then examined for relative variations in resistivity which may be indicative of the intended target body. 
An example of Wenner profiling data is provided on Figure 4_ 
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Wenner and Schlumberger VES data are plotted on log-log graph paper with apparent resistivity values on 
the y-axis and Wenner a-spacings or the Schlumberger current electrode separations on the x-axis (Figure 
5). Until a few years ago, interpretation would have next been accomplished by comparison ofthe field data 
with published master curves. Examples of the curves and their use may be found in Orellana and Mooney 
(1966), Keller and Frischknecht (1966), Dobrin (1976), Telford et al. (1976), Van Nostrand and Cook (1966), 
and Zhody et al. (1974). This technique is slow, inaccurate, and limited in application because curves are 
available only for two and three layer cases at a few resistivity contrasts. 

Currently, VES interpretations are performed using a computer and the linear filter algorithm described by 
Ghosh (1971 a and 1971 b) and Koefoed (1979). This algorithm operates very quickly on any computer, from 
a mainframe to a Iaptop, and provides greater accuracy and versatility than is possible with curve matching 
techniques. A contractor should clearly identify the modeling technique used in the interpretation. 

Computer-aided modeling can be performed in two manners. Forward modeling entails computation of 
theoretical resistivity values from a layer thickness/resistivity model supplied by the interpreter. Agreement 
between the field and theoretical curves in the model is obtained by subsequent trial and error refinement of 
the layer parameters (thicknesses and resistivities). Boring or test pit logs, if available, should be used to 
confirm the resistivity modeling results. 

Inverse modeling also begins with computation oftheoretical resistivity values from layer parameters supplied 
by the interpreter, but refinement of the layer parameters is automatically performed by the computer code. 
The final product ofan inverse modeling session is a set of layer parameters and a corresponding theoretical 
curve which provide the best possible fit to the 5eld data. This "numerically cocrect" interpretation must be 
examined by a geologist or geophysicist to ensure that the model is geologically reasonable. Again, actual 
field data from a boring or test pit should be used to check the model. 

Dipole-dipole resistivity analysis is considerably different from horizontal profiling or VES analysis. 
Dipole-dipole data are displayed in a two-dimensional pseudosection format (Figure 6), and the analysis is 
thus performed by two-dimensional numerical modeling. An example of finite-element modeling of 
dipole-dipole data may he found in Riio (1977). Note that the complexity of this finite-element modeling 
requ i res a wel l-trained interpreter and a mini-computer, these restrictions wi ll 1 imit the number ofcontractors 
quali5ed to perform dipole-dipole interpretation. 
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5.5.2 Presentation of Results 
	 i 

Horizontal profiling data are contoured or presented as linear-linear plots of apparent resistivity versus 
distance along a traverse. An euarnple of the profiling plotting technique is provided on Figure 4. 

VES data are plotted on log- log graphs with apparent resistivity values on the y-axis and Wenner a-spacings 
or the Schlumberger current electrode separations on the x-axis. See Figure 5 for an example. Layer 
parameters used in VES modeling, i.e. layer thicknesses and resistivities, must be included with each VES 
plot, as shown on Figure S. 

Dipole-dipole data are shown as pseudosection plots, usually with resistivity values contoured (see Figure 
6). A cross section of the inferred geologic model should accompany the pseudosection plot. 

533 Interpretation of Results 

Interpretation of resistivity data entails comparing resultant ranges of resistivity values with natural earth 
materials or manmade objects likely to he present. Hortzontal profiling data and VES modelling results are 
directly indicative of the resistivities of the materials encountered: higher resistivity values represent more 
electrically resistive materials (such as sands or gravels). Figure 4 shows Wenner profiling data over a 
localized zone of anomalously low resistivity soil. Figure 5 shows Wenner resistivity sounding data over a 
clay seam that occurs between more resistive soil layers. 

Dipole-dipole interpretation is more subjective, and requires an experienced interpreter. The complexity of 
dipole-dipole interpretation arises from the lack ofcoaespondence between a dipole-dipole pseudosection 
and the actual resistiv_ities ofthe earth materials in_vestigated. As a simple example, a►ow-resistivity vertical 
dike will produce a dipole-dipole anomaly in the shape of an inverted letter "V". Although the dike has low 
resistivity, the anomaly will contain both low and high resistivity values which could be misinterpreted by 
inexperienced personnel. 

Correlation ofresistivity data with other geophysical datasets, borehole geologic logs, or borehole cores and 
samples, is necessary to more accurately identify the materials or structures inferred from the resistivity 
results. Estimates of layering thicknesses from resistivity modeling typically have to be compared with 
seismic refraction or geologic data because ofthe itnprecision inherent in resistivity layer calculations. The 
imprecision is caused by the non-uniqueness of resistivity data: many different models can produce 
theoretical curves which nearly fit the field data. A knowledgeable interpreter is thus needed to successfully 
integrate the resistivity results with other data, including geologic information regarding the site of interest. 
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5.6 	Advantaaes and Disadvantapes 	 ~ 
E 

Some ofthe advantages ofresistivity surveying include the general portability ofthe equipment, the potential 
for in-field data reduction by using portable computers with horizontal profiling and VES surveys, and the 
generation of information which cannot be obtained with other methods at a similar cost Equally important 
are the limitations inherent in res'istivity surveying, which will be reviewed below. Knowledge of these 
limitations is critical to avoid misapplication of the resistivity technique. 

First, the resistivity-surveying methods can be carried out only in media which are neither extraordinarily 
conductive or resistive. Ifelectrodes are placed in very conductive material, e.g., a clay layer, then the applied 
current flow is trapped an the conductive layer. A bedrock layer underlying the clay, could remain undetected 
because virtually none of the current would pass through the rock. 

In very resistive materials, such as talus, resistivity surveying often cannot be performed because poor 
electrode contact prevents introduction of current into the earth. Marginal cases may be aided by wetting the 
electrodes to decrease earth resistance, but in severe cases the resistivity method must be replaced with 
anothertechnique. 

Another limitation is the size of a target body which can be detected by resistivity surveys. Thin layers, or 
targets of limited lateral extent, may be undetectable because the measured potentials integrate the effects of 
a large volume of material. This difficulty can be reduced if the minimum size and resistivity contrast of the 
expected target is known before the field measurements are begun. Numerical modelling can then be 
performed to select the most effective electrode array and spacing to identify the desired target. Thisapproach 
is particularly effective in planning VES and dipole-dipole surveys. 

Cu Itural interference is ariother serious limitation of resistivity surveying. Interference from metal fences can 
be minimized by orienting electrode arrays perpendicular to the fence. The same approach can be used with 
underground utilities, but in general an area of utilities is best avoided altogether. 

All reports must include a statement of the field and computer methods used, including calibrations and 
correlations with other geologic or geophysical data. 

6.0 QUALITY ASSURANCE RECORDS 

All data will be recorded in Field Logbooks and/or data logging sheets designed forthis procedure. All data 
will be entered with the following basic inforrnation: date, start and end times (military time), location, 
personnel on site, and weather. 
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GEOPIIYSICS: SELF-POTENTIAL 

n a ~ ; 

The purpose of this SOP is to provide general reference information for using self-potential geophysical 
methods. 

2.0 	SCOPE 

This SOP provides a description of techpiques, 5eld applications, interpretation and equipment used in the 
application of self-potential methods. 

3.0 

Bioelectric activitv - Electric phenomena generated by vegetation. 

High-impedance millivolt meter - An instrument capable of ineasuring small voltages without drawing 
excessive electric current. 

Non-grounded case - An instrument case that is not electrically in contact with either the earth or the 
instrumentation housed in the case. 

Non-nolarizinQ electrodes - Electrodes which are free ofpotentials caused by electrochemical interactions 
between the electrode and the earth. 

Potential - Voltage. 

Self-notential method - A passive electrical exploration method in which spontaneous potentials are 
measured. Syn: spontaneous potential method. 

4.0 	RESPONSIBILITIES 

Proiect Manaeer - The Project Manager is responsibie for ensuring that the project-speci5c plans are in 
accordance with these procedures, where applicable, or that other approved procedures are developed. The 
Proj ect Manager is responsible for ensuring that the personnel operating and interpreting the geophysical data 
are trained, skilled in that endeavor, so far as to receiving documentation on the training and experience of 
the operating personnel. 

Field Team Leader - The Field Team Leader is responsible for selecting and detailing the geophysical 
techniques and equipment to be used. It is the responsibility of the Field Team Leader to ensure that these 
procedures are implemented in the field and to ensure that the field investigation personnel performing the 
activities have been briefed and trained to execute these procedures. 
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5.0 PROCEDURE 

	

5.1 	Overview 

Self-potential (SP) surveys are used to detect geochemical activity and groundwater seepage. SP data 
consist ofineasurements ofnaturally occumng potentials across two electrodes placed on the earth's surface. 
Potentials measured during these surveys are small, generally less than ] 00 millivolts, and may be positive 
or negative. 

Sources of SP effects are varied and include oxidation of sulfide mineral deposits, bioelectric activity in 
vegetation, varying electrolytic concentration in water, fluid motion through a cavity (known as streaming 
potentials), and avariety ofothermeteorological (e.g., thunder storms) and geochemical sources. SP surveys 
are most often used for relatively shallow exploration, and are interpreted only qualitatively. The 
non-uniqueness of SP sources requires that SP surveys should always be augmented by other geological or 
geophysical data. General discussions ofthe SP technique may be found in Dobrin (1976) and Telford et 
al., (1976). 

	

5.2 	Annlications 

The two most likely SP survey applications in site assessment studies are: 

• 	Locating groundwater seepage zones 
• 	l:ocating near surface inorganic contaminants 

Leakage from lagoons which hold electrolytic solutions has been successfully identified by the SP method, 
and examples may be found in Bogoslovsky and Ogilvy (1972, 1973), and Ogilvy and Bogoslovsky (1969, 
1979). 

	

5.3 	Eouinment 

Equipment needed to perform SP surveys includes: 

A high-impedance millivolt meter. 
Non-polarizing electrodes, minimum of two 
Connecting cables 

The millivolt meter can consist ofeither a digital multimeter (commonly used in electronics diagnosis and 
repair) or a voltmeter intended solely for SP measurement. Either of these instruments should have a high 
input impedance to avoid drawing excessive current from the earth, and they should be mounted in a 
non-grounding case. 
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Non-polarizing electrodes musY be used because a standard metal electrode will develop a self-potential of 	( 
its own when placed in the earth. Non-polarizing electrodes are commonly of the porous-pot type, 
consisting of an unglazed ceramic pot containing a metal electrode and a saturated electrolytic solution. The 
solution must contain a sait of the same metal as the central electrode; e.g_, a solution of copper sulfate is 
often used with a copper electrode: The porous pot is placed on the ground surface, and electrical contact 
cvith the earth is achieved by seepage of the electrolytic solution through the porous ceramic. The electrode 
is connected to the millivolt meter by insulated wire. Wire lengths may extend several thousand feet, 
depending on the area to be surveyed and the electrode array used. 

5.4 	Field Procedures 

SP measurements are performed either along linear traverses or along the nodes ofa survey grid. Ifpossible, 
it is desirable to orient the traverses perpendicular to the trend of the suspected SP souroe. For example, 
leakage from a lagoon is most effectively evaluated by SP traverses parallel to the sides of the lagoon. 
Electrode positions should be determined with a non-conductive measuringtape, usuallyfiberglass, to avoid 
providing an unintended current path. - 

Two electrode arrays may be used. For the first, one electrode is placed at a base station while the other 
electrode is moved to measurement locations. Potentials are then measured with respect to the same point, 
the base station, producing data for profiling. The great lengths ofwire needed to reach measurement stations 
far from the reference electrode may necessitate more than one base station for large sites. 

The second electrode array involves moving both electrodes while maintaining a constant electrode 
separation; this procedure also requires a sequented use ofineasurement positions such as 1-2, 2-3, 3-4 etc. 
This electrode array minimizes the lengths of wire needed, but can introduce cumulative errors. Multiple 
traverses completed with this electrode array musrbe tied together by measuring potentials between the lines. 

5.5 	Interaretation 

5.5.1 Data Analysis 

The SP data is contoured or plotted as profiles, depending on whether data were collected along the nodes 
of a grid or as individual traverses. Profiles are constructed with distance along the tcaverse on the x-axis 
and the SP measurement on the y-axis of standard graph paper. The data plots are examined for variations 
in SP values that may indicate the target of interest. 

5.5.2 Presentation of Results 

SP results are displayed in the form of either contoured or pro6led SP voltage measurements, and referenced 
to plan maps for position and cultural features_ 
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5.5.3 Interpretation of Results 

InterpretationofSPdataishighlysubjective. Areas of SP values which differ from the apparent background 
values are identified and correlated with other data sets. Depending on the target of interest, the anomaly 
may be either positive or negative in polarity. 

SP is best used in conjunction with other techniques. The type of intended target will determine the other 
geophysical technique to be used; electromagnetic terrain conductivity, ground penetrating radar, and 
electrical resistivity measurements are most common. 

5.6 	Advantaees and Disadvantaaes  

The primary advantage of SP surveying is low cost, due to the inexpensive equipment used. In addition, SP 
is one of the few geophysical techniques that can detect leakage positions and paths. 

The disadvantages are the non-uniqueness ofthe method, because ofthe many possible SP sources, and the 
highly subjective nature of SP interpretation. 

6.0 QUALITY ASSURANCE RECORDS 

All field data will be recorded in Field Logbooks with the date, location name, personnel conducting the 
investigation, statt time and ending time (all times in military time). 

7.0 REFERENCES 

Bogoslovsky, V.V. and Ogilvy, A.A., 1972, The-Sfudy of Streaming Potentials on Fissured Media Models: 
Geophysical Prospecting, v. 20, no. 4, p. 109-117. 
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Ogilvy, A.A. and Bogoslovsky, V.V., 1979, The Possibilities of Geophysical Methods Applied for 
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1.0 	PDRPOSE 

The purpose of this SOP is to provide general reference information for using gravimetric methods. 

2.0 	SCOPE 

This SOP indicates a description of £ield procedures, equipment, and interpretation methods necessary to 
fully utilize this procedure. 

3.0 	DEFINiTIONS 

Boueuer slab - A slab of infinite horizontal extent, constant density and thickness 

Boueuer anomaly - Gravity value after the observed (ineasured) gravity has been corrected for latitude, 
free-air, Bouguer slab and terrain. 

Complete BouQuer anomaly - Gravity value after the observed (measured) gravity has been cocrected for 
latitude, fnee-air, Bouguer slab and temain. 

Simple Bouauer anomaly - Gravity value after the observed (measured) gravity has been con -ected for 
latitude, free-air, and Bouguer slab. 

Earth tides - Variations in the gravitational attraction ofthe sun and the moon as their positions change with 
respect to the earth, (maximum amplitude 0.3 gal occurring in a period as short as an hour). 

Residual eravitv map - resulting gravity map after regional gravity affects are removed from Bouguer 
anomaly values. 

The international eravitv value - Equation that accounts for the fact that the earth is not a perfect sphere, but 
is more like a perfect fluid for which balance is maintained between the gravitational forces tending to make 
it spherical and the centrifugal forces of rotation tending to flatten it. As a result, the equatoriai radius is 
approximately 21 km greater than the polar radius. 

4.0 	RESPONSIBILITIES 

Proiect Manaeer - The Project Manager is responsible for ensuring that the project-specific plans are in 
accordance with these procedures, where applicable, or other approval procedures are developed. The 
Project Manager is responsible for development of documentation of procedures which deviate from those 
presented herein. 

Field Team Leader - It is the responsibility of the Field Team Leader to ensure that these procedures are 
implemented in the field and to ensure that the field investigation personnel performing the activities have 
been briefed and trained to execute these procedures. 

i 
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5.0 PROCEDURES 

5.1 	Overview 

The gravity survey method is a passive - geophysical technique which measures extremely small variations 
in the earth's gravitational field, using a highly sensitive instrument. Observed gravity measurements are 
variations of the earth's true gravitational attraction from one location on the earth's surface to another 
(Dobrin, 1960). Spatial variations in the value of observed gravity depend upon a number of factors 
including: ' 

• 	Lateml density variations of earth materials in the vicinity of an observation point 
• 	Elevation 
• 	Latitude 
• 	Surrounding terrain variations (topography) 
• 	Tidal fluctuations 

In gravity exploration the variation in density is the only significant factor (Telford, 1978). Lateralvariations 
in the distribution of mass in the earth's crust produce distortions or differences in the gravitational field. 
Tectonics, faulting, erosion, deposition and other geologic movement involving rock often result in lateral 
density variations in the subsurface rocks. Measured gravitational differences are interpreted in terms of 
probablesubsurfacemassdistributions,whichareinferredfromsu :aceandnearsurfacegeologicconditions 
(Nettleton, 1975). 

The acceleration ofgravity at the earth's surface is approximately 980 centimeters per second squared or 980 
gals. In gravity exploration work, anomalies as sm all as one ten - millionth ofthe earth's field are detected 
with gravimeters. The unit used in exploration gravity surveying is the milligal (10- ;  gals). 
Microgravimeters are more sensitive instruments which can detect smaller magnitude anomalies, measured 
in the unit of microgals (10- 6  gals). 

5.2 	Applications and Uses 

After the appropriate corrections have been made, gravity values can be presented as Bouguer anomalies. 
A Bouguer anomaly map (Figure 1) looks very much like a topographic contour map. Bougueranomalies 
are interpreted in terms of the size, shape and position of the subsurface structures. Microgravity 
measurements can be used to detect the following conditions: 

• 	Joints 	 • 	Cavities 
• 	Dissolutions 	• 	Buried river channels 
• 	Collapses 	 • 	Fault scarps 
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' ield Team Leader - It is the responsibility of the Field Team Leader to ensure that these procedures are 
mplemented en the field and to ensure that the field investigation personnel performing the activities have 
een briefed and trained to execute these procedures_ 

i.l 	Overview 

;he gravity survey method is a passive - geophysical technique which measures extremely small variations 
n the earth's gravitational field, using a highly sensitive instrumenL Observed gravity measurements are 
,ariations of die earth's true gravitational attraction from one location on the eartli s surfaoe to anot[her 

bri 	960). Spatial variations in the value of obse rved grvi:y depend upon a number of factors 
n clu t 	: 

	

—~• 	Lateral density variations of earth materials in the vicinity of an observation point 

	

• 	Elevation 

	

• 	Latitude 

	

• 	Surrounding terrain variations (topography) 

	

• 	Tidal fluctuations 

;i gravity exploration Hie variation in density is the only significant factor (Telford, 1978). Lateral variations 
distribution of mass in the eartli's crust produce distortions or differences in the gravitational field. 

. Aics, faulting, erosion, deposition and otlier geologic movement involving rock often resuTt in lateral 
ensity variations in the subsurfaoe rocks. Measured grravitational differences are interpreted in tenns of 
robable subsurface mass distributions, which are infetred from surface and near surface geologic conditions 
vettleton, 1975). 

he acceleration of gravity at the eartli s surface is approximately 980 centimeters per second squared or 980 
als. In gravity exploration work, anomalies as small as one ten - millionth of the eardis field are detected 
•ith gravimeters. The unit used in exploration gravity surveying is the milligal (10-' gals). 
iicrogravimeters are more sensitive instruments which can detect smaller magtiitude anomalies, measured 
i the unit of microgals (10- 6  gals). 

.Z 	Applications and Uses 

fter the appropriate corrections have been made, gravity values can be presented as Bouguer anomalies. 
Bouguer anomaly map (Figure 1) looks very much like a topogtaphic contour map. Bouguer anomalies 

-e interpreted in temts of the size, shape and position of the subsurface structures. Microgravity 
easurements can be used to detect the following conditions: 

• 	Joints 	 • 	Cavities 
• 	Dissolutions 	 • 	Buried river channels 
• 	Collapses 	 • 	Fault scarps 
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53 	Eguinment 

The Lacoste - Romberg and Worden gravimeters are two commercially available gravimeters. The Lacoste 
- Romberg Model D is the only commercially available microgravimeter. These instruments measure the 
elongation of a spring which supports a weighted beam. An increment of elongation of the spring is 
proportional to an increment of gravity. The principal ofoperation of a I.acoste -Romberg microgravimeter 
is illustrated in Figure 2. 

The Lacoste-Romberg gravimeter is heated to maintain a constant instrument temperature and, consequently, 
a more sensitive and stable reading. Some instiuments are not temperature controlled and, consequently, 
instrument temperatures must be noted and corrected for. Gravimeters with heaters require a portable energy 
source (batteries) and must have an appropriate warm up time (approximately one day) to acquire stable, 
accumte readings. 

5.4 	Field Procedures 

The gravimeter itselfcan be operated by a single operator. The topogrraphic survey can be performedbefore, 
during, or after the gravity measurements. 

The operation of the instrument is rather straightforward, but acceptable levels of accuracy require 
meticulous attention to details, such as: 

• 	Instrument leveling 
• 	Surveyed location 
• 	Surveyed elevation 
• 	Instrument drift 	 - - 	 - 
• 	Time of ineasurement 

Survey accuracies of at least one-tenth of a foot of elevation, and horizontal accuracy of approximately 2 
feet are required for microgravity surveys. The high level of accuracy required in gmvity surveys dictates 
repeated readings at a base station throughout the period of the survey to compensate for time variations 
(drift) inherent in all instmments. Typically, base station readings are taken at least three times a day and 
often are repeated in one-hour intervals. Loop times for microgravity instruments that have been recently 
reheated to operating temperatures initially should be at about 30 minutes intervals. Loop times can then 
progress up to a maximum of I hour. Initial short loop times are to minimize errors due to mechanical 
adjustments caused by intemal thermal stress. Microgravity instruments with fluid levels should have 30 
second levels rather than 60 second levels. The 30 second levels provide a more precise leveling accuracy. 

At each station the gravimeter is set on a metal tripod which provides a stable base. The instrument is 
leveled by two horizontal and mutually-perpendicular levels in the instrument. Three readings are commonly 
taken at each station. Levels checked between readings to ensure data quality and minimize operator error. 
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Important information that should_be recorded in field.noYc-btftiks are: 

• 	Insttument identification number 
• 	Date and time of reading 
• 	Operator 
• 	Station identification number 
• 	Base station location 
• 	Itistrument readings 

Co assure correlation between data sets, tlie relative gravity for each base station can be established by 
ooping with absolute base stations which are part of an international gravity network adjusted to the 1979 
'otsdam value. A listing of absolute base station locations can be obtained from NOAA in Washington, D.C. 

iravity stations are arranged either in gridded survey patterns or in iinear traverses. Gridded survey pattems 
rovide more detailed information, but at a higher cost due to the higher number of stations. 

recautions should be taken in loc.ating gravity stations to avoid whenever possible areas with nearby (50+ 
:et) severe topographic clianges. Tliese topographic changes affect gravity, measuronients. Hills rising 
bove the gravity station and valleys (lack of material) affect the gravity measurements by reducing the 
:cordings due to upward attraction of Iiills or lack of downward attractions by a valley (Telford). 
arthquakes and other vibratory plienomena also can adversely affect gravity readings. Generally, when an 
u ike has occutred the instrument reading beam may dri€t and cannot be stabilized. Depending on the 
.st-..,,e to and magnitude of the earthquake, gravity measurements should be suspended for a few fhours or 
ltil the next day. Another potential problem in conductittg a gravity investigation is unstable ground 
aterials such as ioose sand, nearby sources of vibration (heavy truck traffic, construction equipment, etc.) 
stone ballast. Generally, these situations can be overcome with patience, slight changes in station locations 
aitering the time of day in which tlie investigation is conducted. 

Interpretation 

5.1 Data Analysis 

avity data obtained in the field must be corrected for: 

• 	Instrument drift 
• 	Earth-tide variations 
• 	Elevation 
• 	Bouguer slab 
• 	Latitude 
• 	Influence of surrounding topogrrapliic (terrain) variations 

gravity stations within a cotnmon data set must be reduced to a common elevation datum plane. Sea 
-I is the most often used datum plane. 
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Important information that should be recorded in Field Logbooks are: 

• 	Instrument identification number 
• 	Date and time of reading 
• 	Operator 
• 	Station identification number 
• 	Base station location 
• 	Instrument readings 

To assure correlation between data sets, the relative gravity for each base station can be established by 
looping with absolute base stations which are part of an intemational gravity network adjusted to the 1979 
Potsdam value. A listing ofabsolute base station locations can be obtained fromNOAA in Washington, D.C. 

Gravitystationsarearrangedeitheringriddedsurveypattemsorinlineartraverses. Griddedsurveypattems 
provide more detailed information, but at a higher cost due to the higher number of stations. 

Precautions should be taken in locating gravity stations to avoid whenever possible areas with nearby (50+ 
feet) severe topographic changes. These topographic changes affect gravity measurements. Hills rising 
above the gravity station and valleys (lack of material) affect the gravity measurements by reducing the 
recordings due to upward attraction of hills or lack of downward attractions by a valley (Telford). 
Fzrthquakes and other vibratory phenomena also can adversely affect gravity readings. General ly, when an 
earthquake has occurred the instmment reading beam may drift and cannot be stabilized. Depending on the 
distance to and magnitude of the earthquake, gravity measurements should be suspended for a few hours or 
until the next day. Another potentia) problem in conducting a gravity investigation is unstable ground 
materials such as loose sand, nearby sources of vibration (heavy tmck traffic, constmction equipment, etc.) 
or stone ballast. Generally, these situations can be overcome with patience, slight changes in station locations 
or altering the time of day in which the investigation is conducted. 

5.5 	Interpretation 

5.5.1 Data Analysis 

Gravity data obtained in the field must be corrected for: 

• 	Instrument drifr 
• 	Earth-tide variations 
• 	Elevation 
• 	Bouguer slab 
• 	Latitude 
• 	Influence of surrounding topographic (terrain) variations 

Al l gravity stations within a common data set must be reduced to a common elevation datum plane. Sea level 
is the most often used datum plane. 
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5.5.1.1 Instrument Drift and Earth-Tide Variations 
	 l 

The observed gravity for each station is determined by loopingwith a base station with a known gravityvalue 
and correcting readings for instrument drift and earth tide variations. Instrument drift and earth tide 
variations are calculated by dividing the difference in the base station readings (end ofloop minus beginning 
of loop) by the time required to complete the loop. Each station reading is then comected by adding the drift 
factor by the time between stations. Observed gravity values are then calculated by multiplying the cort ected 
meter reading difference between the base and the gravity station by factors unique to the particular gravity 
meter. 

5.5.1.2 Elevation Correction 

Since gravity varies inversely with the square of distanoo, it is necessary to correct for changes in elevation. 
Corneotion for elevation or the free-air correction compensates for elevation varia6ons between stations so 
that all the field readings are reduced to common datum surface. Sea level is the common datum surface used 
for the free-air cwrrections. When the gravity stations are above the datum plane, the free-air corrections 
are added to the observed gravity values (Telford, 1978). 

5.5.13 Latitude Corrections 

I.atitude corrections compensate for the centrifugal acceleration due to the rotation of the earth and radius 
variation between the poles and eqaator. Maximum latitude cortections occur at latitude 450 where the 
variation is approximately 0.01 milligals per 40 feet of north--south displacement 

The International Gravity Formula of 1967 incorporates the latitude correction in the calculation of 
theoretical gravity. When gravity stations are north of the reference latitude, all corrections are subtracted 
from the observed gravity values (Telford, 1978)_ 

5.5.1.4 Bouguer Slab-Correction 

The free-air correction accounts for elevation differences, but not for attraction ofthe material between the 
station and the common datum surface. The Bouguer correction accounts for the attraction ofthis material. 
Bouguer corrections assume a slab of infinite horizontal extent. 

A commonly used slab density in New England is 2.67 g/cm , which is the approximate density of the 
granitic crust. Bouguer corrections are applied in the opposite sense ofthe free-air corrections; that is, they 
are subtracted when the station is above the common datum plane (Telford, 1978). 

5.5.1.5 Terrain Correction 

Terrain conections are applied tothe gravitydata whenthe topography ofthe surveyed area is not relatively 
flat. Nearby hills result in an upward component of gravity and nearby valleys result in an apparent loss of 
mass between the station and datum elevation. Both effects diminish the measured gravitational field, 
therefore, the terrain correction is always added tothe data_ Terrain corrections are calculated usingthe slab 
density used in the Bouguer slab correction. There are several graphica) methods for calculating terrain 
corrections. All require a good topographic map ofthe areaata minimal 10-foot contour interval. The most 
commonly used graphical method uses templates that divide the area into zones for which the average 
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elevation can be estimated and the terrain correction calculated. Tables ofterrain corrections, forzone charts 
of particular d imensions developed by Hammer (1939) facilitate this operation considerably (Telford 1976). 

5.5.1.6  Theoretical Graviri 

The difference between the corrected station gravity and the calculated theoretical gravity for each station 
is the Bouguer gravity. Theoretical gravity values are calculated using station latitudes and a relationship 
adopted by the Intemational Association of Goedesy. 

5.5.2 Presentation orResults 

The results of a gravity survey can be presented as contour maps or as profiles depending upon the data 
processing and/or interpretation techniques. A raw-data map presents the gravity readings that have been 
corrected for instrument drift and earth-tide effects. A free-air gravity map is the raw data corrected for 
station elevations (reduced to a common elevation datum). A simple Bouguer map is the free-air gravity 
values corrected for the Bouguer slab. A complete Bouguer map is the simple Bouguer values corrected for 
terrain variations. Residual anomaly map is the nesidual gravity values a8er regional gravity afI'ects have 
been separated. Data processing procedures to prepare each of the above mentioned maps include 
assumptions that may or may not be tme and may bias the interpretation of the gravity data. Therefore, the 
preparation and qualitative analysis of these maps may be necessary to identify any bias or anomalies that 
may be created due to the data processing calculations. 

Interpreted gravity results are presented as 2-D, 21/2-D or 3-D profiles or maps. The 2-D results assume 
infinite lengths in the 3rd dimension, 2 1/2-D results have a finite length in the 3rd dimension and 3-D 
modeling results have 3 dimensional geometric shapes. 

5.5.3 Interpretation 

The complete Bouguer anomaly map represents the contribution of al l earth materials that exist beneath the 
ground's surface. Therefore, the first step in the interpretation of gravity data is to separate the anomaly 
components arising from the source of interest from the sources of no interest. This step is called the regional 
residual separation and it is the residual values that are of primary interest 

The residual or shorter wavelength gravity data can be separated and modeled independent of the 
deeper-seated, longer wavelength regional gravity data. The residual data can be separated ffom the regional 
data in a number of ways. The avemging method, polynomial fitting, and upward continuation and 
wavelength filtering regional residual separation methods are a few. Text books such as Telford (1976), 
Nettleton (1976) etc. explain in detail regional residual separation methods. 

There is extensive literature on the subject of and significant problems involved in regional residual 
separation. The techniques listed above are some of the more common techniques used. The choice of the 
method used for removing the regional, depends upon many factors, the most important being the total labor 
involved, the complexity of the gravity map, the density and distribution of the stations and quality of the 
data. 

The residual gravity maps are a by-product of the regitinal residual separation. These maps are used to 
predict the physical characteristics and proximity of near surface anomalous bodies. 
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Before a quantitative interpretation is attempted, a qualitative analysis of the data should be made to 
determine the presence of anomalous sources and to get a general idea of depth, strike, and density of 
sources. Qualitative analysis includes an evaluation of the polarity, magnitude, gradient and trends of 
residual anomalies, as well as a comparison with other available geophysical (magnetic, seismic, electrical) 
and geological data. 

Based on the qualitative analysis of the regional map a quantitative interpretation to detertnine possible 
individual sources of the anomalies can be undertaken. The quantitative interpretations are accomplished 
using 2 and 3 dimensional computer model ing techniques. Each anomaly body is assigned a geometric shape 
and a value which represents the bodies contrasting density values. AlI gravity interpretations benefit from 
incorporation of geologic constraints. Such constraints can come from surface geology, geomorphology, 
subsurface geology, boring logs, seismic reflection and reffaction data, magnetic surveys, and geochemical 
data. 

Interpretation of gravity data is subject to two limitations: 

• 	The inherent ambiguity in the possible source of a given gravity anomaly. 

• 	Thecompletedependenceofgravityanomaliesontheexistenceandmagnitudeofhorizontal 
variations in the density of the rocks. 

Fora given distribution ofgravitythe're is no single, unique distribution ofmass which will have a calculated 
effect that corresponds to the observed gravity. That is, for a given width of anomaly there is a 
corresponding maximum depth and a cone of possible sources, as illustrated in Figure 3. 

5.6 	Advantaees and Limitations 

The advantages of a gravity survey are: 

• 	Field work can be canzed out by one to thnee persons in any accessible area, including 
highly developed urban and industrialized sites, over pavements, fills,1and511s, on lake ice, 
inside buildings, etc. 

• 	Instrumentation is portable, the wwork can be silent and produce no visible disturbance to an 
environment other than stakes or other station markings. 

• 	The method lends itself well to areal coverage. Contour maps of bedrock or other features 
have obvious advantages over information at points or along profiles. 

• 	Used appropriately, it is highly cost effective either by itself or in combination with other 
exploration methods. 
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There is extensive literature on the subject of and signiflcant problems involved in regional residual 
separation. The techniques listed above are some of the more common techniques used. The choice of the 
method used for removing the regional, depends upon many factors, the most important being the total labor 
involved, the complexity of the gravity map, the density and distribution of the stations and quality of the 
data. 

The residual gravity maps are a by-product of the regional residual separation. These maps are used to 
predict the physical characteristics and proximity of near surface anomalous bodies. 

Before a quantitative interpretation is attempted, a qualitative analysis of the data should be made to 
determine the presetice of anomalous sources and to get a general idea of depth, strike, and density of 
sources. Qualitative analysis includes an evaluation of the polarity, magnitude, gradient and trends of 
residual anomalies, as well as a comparison with other available geophysical (magnetic, seismic, electrical) 
and geological data. 

Based on the qualitative analysis of the regional map a quantitative interpretation to determine possible 
individual sources of the anomalies can be undertaken. The quantitative interpretations are accomplished 
using 2 and 3 dimensional computer modeling techniques. Bach anomaly body is assigned a geometric sliape 
a•,d a value which represents the bodies contrasting density values. All gravity interpretations benefit froni 

~oration of geologic constraints. Such constraints can come from surface geology, geoniorphology, 
zface geology, boring logs, seismic reflection and refraction data, magnetic surveys, and geocheinical 

data_  

Interpretation of gravity data is subject to two limitations: 

The inlierent ambiguity in the possible source of a given gravity anomaly. 

Tiie complete dependence of gravity anomalies on the existence and magnitude of 
horizontal variations in the density of the rocks. 

For a given distribution of gravitythere is no single, unique distribution of mass which will have a calculated 
effect that corresponds to the observed gravity. That is, for a given width of anomaly there is a 
corresponding maximum depth and a cone of possible sources, as illustrated in Figure 3. 
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Gravity anomaly shown can be approximated by a deep sphere (1) or by 

a shaflower broader body, such as (2)-or(3) [trom Nettleton, 19761 
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The limitations of a gravity survey are: 

• 	Applications are limited to mapping of density - dependent interfaces. 

, 	Accurate station locations and elevations are necessary. 

• 	Calibration with geological "knowns" such as outcrops, borings, seismic profiles, etc. is 
necessary for quantitative work. 

• 	Excessive topography, access problems, and certain bedrock complexities may seriously 
limit the accuracy of data interpretation. 

6.0 QUALITY ASSURANCE RECORDS 

All data will be recorded in Field Logbooks under the following format: date, start and end time (military 
fime), personnel on site and weather. 	 _ 
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The following SOP provides a description of site utility clearance procedures Baker representatives will 
implement prior to beginning field activities. This utility clearance is designed to minimize the risk to 
personnelfrom striking a potentially dangerous (usually hidden) obstacle. 

2.0 	SCOPE 

This SOP provides theprocedures to be taken by Baker personnel in locating on-site utilities. Baker personnel 
may become aware of site specific conditions that may require deviation from the normal SOP. 

3.0 DEFINITIONS 

It is the responsibility of the Baker representative to coordinate arrangements with the facility contact to have 
a site utility clearance conducted at the site priorto the first day offield activities. Additional responsibilities 
include being present during this clearance and later brieSng all on-site Baker personnel of the results ofthis 
meeting. 

4.0 	RESPONSIBILITIES 

BakerRenresentative  - The Baker representative will include, but not be limited to, Project Managers, Project 
Geologists, Environmental Scientists, and Technicians. 

Utilities  - This tenn will include, but not be limited to, the following: 

Electric - Fuels 	 Sewers 
Water Steam 	 Storm Drains 
Telephone Gas 

5.0 PROCEDURES 

This section reviews the procedures and tasks required of the Baker representative to conduct a site utility 
clearance. 

Arrange a meeting with the facility contact and facility utility personnel prior to the flrst day 
of scheduled field activities. 

Review files obtained from the site visit and/or other previous investigations for information 
regarding the site. 

5.1 	After Site Arrival 

The following tasks will be completed upon arrival at the facility. 

a. The Baker representative and facility contact will proceed to the site and complete Section I 
of the Site Utility Clearance Checklist. (See attached copy.) 

b. TheBakerrepresentative,alongwithfacilityutilitypersonnel,willbeginlocatingunderground 
utilities using visual inspection, drawings and maps, equipment, and personal knowledge. 

r~ 
~, 
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C. 	Smaller work areas will have all utilities clear ►y marked on the ground with fluorescent paint 
indicating direction and type of utility. Surrounding areas also will be cleared to allow for 
flexibility in placement of boring ► ocations. 

d. 	Larger sites will have a boring location marked with fluorescent paint Utility personnel will 
be instructed to clear the spot as well as mark any utilities that fall within a 10 ft. radius. 
Directional trends of utilities will be reviewed to provide routes of such utilities. 

C. 	Upon completion of the meeting, the Baker representative will check the cleared locations 
with their own equipment. This equipment is meant to provide a verification; it is not to be 
used as a primary means of utility detection. 

f. 	Locations of util ities (both overhead and below ground) will be noted and included on a map 
or a sketch in the Field Notebook 

6.0 QUALITY ASSURANCE RECORDS 

Quality Assurance Records shall consist of a complete site utility clearance checklist and accompanying 
site sketch. 

7.0 

None. 
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1.0 	PiJRPOSE 

This procedure describes methods and equipment commonly used by a Registered Land Surveyor when 
compiling by survey the vertical and horizontal locations ofon-site monitoring wells and other site stnictures, 
and topographic features associated with study areas at various locations. 

2.0 SCOPE 

The information presented in this SOP is generally applicable to various locations, except where state-speciffc 
requirements differ concerning certi5cations, licenses and registrations. 

Specific surveying problems encountere.d by the survey crew may require the adaptation of existing equipment 
or design of new equipment. Such innovations shall be documented in the survey crew's Field I.ogbook. 

3.0 DEFINITIONS 

North American Datum (ANDI - Datum used duringthe absence ofestablished horizontal and vertical control. 

Mean Sea Level (MSL) - Adopted as a datum plane for the measurement of elevations and depths. 

Horiwntal Control - Horizontal location of an object from surveyed corners or other features on permanent 
land monuments in the immediate site area. Will be based on North American Datum (AND). 

Vertical Control - Vertical location of an object compared to the adjacent ground surface. 

Bench Mark - Precisely determined elevation abQVe or below sea level. May also have horizontal control 
(northing, easting) determined for location. 

4.0 	RESPONSIBILTI'IES 

Proiect Manaeer - The Project Managef is responsible for ensuring that project-specific plans are in 
accordance with acceptable surveying practices as required by the state in which the work is performed. 

Field Team Leader - The Field Team Leader is responsible for ensuring that procedures are implemented in 
the field and that personnel.performing surveying activities have been briefed and trained to execute these 
procedures. 

5.0 PROCEDURES 

The services of a Registered Land Surveyor will be required to determine by survey the elevations and 
horizontal locations of monitoring wells and other site structures, and topographic features associated with 
study areas at various locations. The surveyor will mobilize to the site within seven days upon receiving the 
notice-to-proceed. All site surveys must be completed in the time frame agreed upon. The site map shall be 
completed within ten days of completion of the site survey. 
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5.1 

Specifically, Baker requires the following will be required: 

Deleneate the elevations of groundwater monitoring wells to an accuracy of 0.01 feet, referenced to United 
States Geological Survey Mean Sea Level (MSL) from the nearest datum bench mark. 

5.1.1 

The elevation point for each well casing and a permanent mark designating the elevation point shall be 
established on each well. In addition, the ground surface elevation for each well shall be established. Some 
of the wells will be fiush-mounted level with the pavement; thus the land surface elevation will be above the 
"top of casing" elevation for those wells. 

5.1.2 

Determine the elevation of the directly adjacent ground surface to an accuracy of 0.1 feet. 

5.2 

Delineate the horizontal location of each well from surveyed comers or other features on permanent land 
monuments in the immediate site area to an accuracy of 0.1 foot, referenced to North American Datum (AND). 
Baker will supply an existing property plot plan or CADD 5le for each site to the subcontractor that will serve 
as the base map for locating surveyed points. All permanent points established during control traverses shall 
be shown. 

5.3 

Locate various drainage trenches/structures and significant topographic features at Baker's request via the 
survey. An Alliance and/or a U.S. Steel representative may be present during survey activities to identify 
points and features to be located. If no Baker representative will be present, the subcontractor will be notified 
in advance as to what features or types of features are to be ineluded in the survey. 

5.4 

In the absence of facility-established horizontal and vertical control, all survey points will he based on North 
American Datum (AND) for horizontal control and MSL for vertical control. 

5.5 

The subcontractor shall provide a letter report containing al l relevant survey information along with one legible 
copy of the field survey notes recorded when determining the surveyed elevations, location of wells, and 
requested topogmphic information. The subcontractor shall also provide one reproducible, legible copy ofthe 
property map showing the well designation, "top-of-ca.sing" elevation and location at each well, and a table 
1 isting the well designation, "top-of-casing" ground surface elevations, coordinates for each well, and plotted 
horizontal features. The accuracy of other site maps cannot be verified. It is recognized that the 
subcontractor's responsibility in plotting features is to provide most accurate locations possible on mapping 
available. Tabulated data provided by the subcontractor, however, must be accurate on an MSL datum 
speci6ed above. All deliverables must be in ACAD R12. 
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PEI 

The subcontractor shall perform these services in accordance  with standard, acceptable surveying practices as 	~ 

required'by the state in which the work is performed and all work shall be conducted under the supervision of 
a Registered Land Surveyor, duly licensed to work in the state. 

The subcontractor is to provide for and assume responsibility for adequate health and safety protection for 
on-site personnel. Contracted land surveyors are required to provide evidence of having received 
OSHA-specified training to conduct work on potentially hazardous sites. The specific content ofthe training 
reyuirenienls are outlined in 29 CFR 1910.120(e). These requirements include: 

'• 	Minimum of 24 hours of hazardous waste traiaing 
• 	Eight hours of additional training for supervisors 
• 	Eight hours of hazardous waste refresher training for every year after the initial 24 hour 

training 	 — 

• 	Medical surveiliance as specified in the spe;,ifc OSHEi regulations 

At least one of the on-site surveying personnel must have the 32 hour supervisor hazardous waste training. 
The subcontractor is to provide copies of current tiaining and medical certifications, and to assure that this 
docurnentation accompanies theirpersonnel onto the job site. 

7.0 QUALI'i'Y ASSUItANCE RECOI'cDS 

The Field Logbook shall serve as the quality assurance record for on-site surveying activities. 
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SOP ID: MetAqPrp-GFAA(1) 
Revision: 1 

Revised Date: 12/11/2001 

UN't,401'araV. ~'D Copy 

STANDARD OPERATING PROCEDURE FOR THE 
PREPARATION OF AQUEOUS SAMPLES AND EXTRACTS 

FOR TOTAL OR DISSOLVED METALS ANALYSIS 
BBY GRAPHITE FURNACE ATOMIC ABSORPTION SPECTROSCOPY 

Originating Author: Karin Stewart 
Revision Author: Troy Goehl 

This SOP is effective upon signed approval by the following: 

42 -/2 - a vo/  
Unit Sffiervisor 	 Date 

Q 	C ir 	r 	 Date 

DISCLAIMER: This SOP has been developed for use at the SIMALABS 
International, Merrillville, lndiana facility. It is intended for use by trained analysts. 
As written, this SOP may not be specifically applicable to the activities of other 
organixations. 
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2.0 SCOPE AND APPLICATION 

2.1 This procedure is based EPA Method 200.0 section 4.1.3 and SW-846 Method 
3020A. This procedure is applicable to the digestion of all aqueous samples and 
the extracts from the TCLP and SPLP procedures. This procedure is not 
applicable for the preparation of samples to be analyzed by Inductively Coupled 
Plasma Emission Spectroscopy or Flame Atomic Absorption Spectroscopy. 

3.0 SUMMARY 

3.1 1 ml of 30% hydrogen peroxide and 1 ml of concentrated nitric acid are added to a 
50 ml aliquot of sample. The mixture is heated near boiling for 1 hour. An 
additional 1.5 ml of nitric acid is added to the sample and the mixture is again 
heated to near boiling. The sample is then cooled and diluted to a final volume of 
50 ml with DI water. 

3.2 This procedure is a combination of the EPA methods referenced in section 17.0. 
There are differences in the acid volumes and digestion times used in the 
reference methods. This procedure uses a 50 ml aliquot of sample, whereas the 
reference methods are based on 100 ml. Moreover, thisprocedure involves no 
concentration or dilution based on the initial" and final sample volumes, whereas 
the reference methods include a 2:1 concentration of the initial sample size. The 
volumes of acid used have been adjusted accordingly and, where different 
volumes of acid are listed in the reference methods, the average of the two is 
used. The reference methods include the use of hydrogen peroxide for the 
preparation of samples analyzed for Arsenic or Selenium only. This procedure 
includes the peroxide regardless of the elements measured. These changes from 
the written methods are considered acceptable as shown through the continued 
generation of acceptable control samples and performance evaluation samples. 

4.0 DEFINITIONS 

4.1 Aliquot — A measured portion of a sample, or solution, taken for sample preparation 
or analysis. 

4.2 Analyte — The specific component measured in a chemical analysis. 

4.3 Blank — An artificial sample designed to assess specific sources of laboratory 
contamination. There are several types of blanks, which monitor a variety of 
processes: 

Calibration Blank — An aliquot of the standard diluent (water or organic solvent) 
that is not carried through the sample preparation scheme. It is analyzed to 
verify that the analytical system is free from contamination. Also referred to as 
an instrument blank or solvent blank. 

Page 3 of 9 
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Field Blank — blanks that are collected in the field and analyzed to determine 
the level of contamination introduced into the sample due to sampling 
technique. 

• Method Blank — An aliquot of lab pure water or solid matrix taken through 
sample preparation (when required) and analysis. It is a test for contamination 
in sample preparation and analyses. Also referred to as a Preparation or 
Procedural Blank. 

4.4 Holding Time — The maximum storage time allowed between sample collection and 
sample analysis when the designated preservation and storage techniques are 
employed. 

4.5 Laboratory Control Sample (LCS) — An aliquot of clean matrix (lab pure water or 
vendor supplied solid) spiked with target analytes or compounds representative of 
target analytes. The sample is carried through the entire analytical process and 
analyte recovery is used to monitor method performance. Also referred to as a 
laboratory fortified blank (LFB). 

4.6 Laboratory Control Sample Duplicate (LCSD) — An aliquot of laboratory pure reagent 
spiked with the identical amount(s) of target analyte(s) as the LCS. Results of the 
two spikes are used to assess both the bias and precision of a method with a given 
sample matrix. Also referred to as a laboratory fortified blank duplicate (LFB DUP). 

4.7 Matrix — The component or substrate which may contain the analyte of interest. 
Matrices are limited to the following: aqueous (includes extracts from the TCLP or 
other extraction procedure, groundwater, surface water, and wastewater), drinking 
water (potable water and laboratory pure water), non-aqueous liquid (organic liquid 
having <15% settleable solids), and solid (includes sediment, sludge, and soil). 

4.8 Matrix Spike (MS) — An aliquot of a sample that is spiked with a known amount of 
target analyte(s). Recovery of the matrix spike, expressed as percent recovery, is 
used to assess the bias of a method in a given sample matrix. Also referred to as a 
laboratory fortifed sample matrix (LFSM): 

4.9 Matrix Spike Duplicate (MSD) — An aliquot of the same sample used for the MS, 
spiked with the identical amount(s) of target analyte(s) as the MS. Results of the 
two spikes are used to assess both the bias and precision of a method with a given 
sample matrix. Also referred to as a laboratory fortified sample matrix duplicate 
(LFSM DUP). 

4.10 Preparation Batch — A group of samples of similar composition which are prepared 
together using the same method, reagents and apparatus within a 24 hour calendar 
day or every 20 samples, whichever is more frequent. Typically, these are samples 
in the same batch ID in the LIMS. 

4.11 Preservative — A reagent added to a sample, or an action used, to prevent or slow 
decomposition or degradation of a target analyte or a physical process. Thermal and 
chemical preservation may be used in tandem to prevent sample deterioration. 

Page 4 of 9   
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4.12 Sample — A portion of material supplied by the client for analysis. 

4.13 Sample Duplicate —Two aliquots of the same sample processed independently. This 
monitors precision of the analysis. Precision results are reported as relative percent 
difference (RPD). 

5.0 INTERFERENCES 

5.1 The digestion procedure may not be sufficient to completely break down some 
metal complexes. Additional digestion time or a more vigorous digestion may be 
required to facilitate complete digestion. Typically, complete oxidation is 
evidenced by a light color or no change upon addition of acid or continued heating. 

5.2 Cross-contamination and contamination of the sample can be a major source of 
error. The sample preparation work area should be kept scrupulously clean. 
Labware suspected of causing contamination should be soaked with 1:5 nitric acid 
and rinsed thoroughly with lab pure water. 

6.0 SAFETY 

6.1 Eye protection must be worn at all times while in the Iaboratory. 

6.2 Lab coats and gloves are recommended. Avoid direct contact with reagents, 
standards, and/orsamples. 

6.3 Consult the Material Safety Data Sheets (MSDS) for each chemical used for 
information regarding fire hazard, toxicity, first aid, storage, disposal, spill 
procedures, and recommended protective equipment. 

6.4 Chemicals having the potential to produce toxic fumes must be handled in a fume 
hood. 

7.0 EQUIPMENT AND SUPPLIES 

7.1 AII volumetric glassware used shall be ASTM Class A. 

7.2 Digestion vessels, Environmental Express catalog #SC475 or equivalent 

7.3 Filters, Environmental Express FilterMate, catalog #SC0401, or equivalent 

7.4 Ribbed watch glasses, Environmental Express catalog #SC505 or equivalent 

7.5 100 ml graduated cylinders 

7.6 Digestion block capable of maintaining 90 to 95°C 

7.7 Class A volumetric pipets 
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7.8 Oxford-style repipetters 

7.9 Vacuum filtration device 

7.10 0.45 micron filters 

8.0 REAGENTS AND STANDARDS 

8.1 AII reagents used must be analytical reagent (AR) grade or higher. AII standards 
must be traceable to NIST, when available. Certificates of traceability must be 
obtained from the manufacturer. AII reagents and standards must be documented 
in the appropriate preparation logbook. Refer to the requirements in the Labeling 
of Standards, Reagents, Digestates and Extracts SOP. 

8.2 Reagents 

8.2.1 Lab pure water. ASTM Type Il water is generated in accordance with the 
procedure described in the Quality Assurance Plan. 

8.2.2 Nitric acid, conc. HNO 3: Trace metals grade (Fisher, AS09-212 or equivalent) 

8.2.3 Hydrogen Peroxide, 30% H 2O2: Fisher, H325-500 or equivalent 

8.3 Standards 

8.3.1 Stock Spiking Standard: Inorganic Ventures #CLPF-ASPK-1 or equivalent 
contains the following constituents. Store this standard in the standards cabinet 
located in the metals instrument lab. 

VENDOR CATALOG # ELEMENTS CONC., ug/ml 
Inorganic 
Ventures CLPF-ASPK-1 

Sb 120 
As, Pb, TI 20 
Cd, Se 10 

8.3.2 Chromium Stock Standard, 1000 ug/ml. Store this standard in the standards 
cabinet located in the metals instrument lab. 

8.3.3 GFAA Spike Solution: In a 100 ml volumetric flask, dilute 10.0 ml of the stock 
spiking standard and 0.20 ml of the stock chromium standard to the mark with 5 
ml conc. HNO 3 , and DI water. This prepares a standard of 12 ug/ml Sb, 2 ug/ml 
As, Cr, Pb, TI, and 1 ug/ml Cd and Se. Store this standard in the metals sample 
preparation area. 

8.3.4 LCS/MS: Add 1 ml of the GFAA spike solution to 50 ml DI water or sample to 
prepare the LCS or MS, respectively. This prepares a LCS/MS of 240 "ug/I Sb, 
40.0 ug/I As, Cr, Pb, TI, and 20.0 ug/I Cd and Se. 

9.0 SAMPLE COLLECTION, PRESERVATION, AND HOLDING TIMES 
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9.1 The client or other trained personnel collect samples. Samples received at the 
laboratory are considered representative unless otherwise noted. 

9.2 Samples should be collected in a plastic container. Preservation consists of HNO 3  
to pH < 2. For Dissolved Metals, the sample must be filtered through 0.45 micron 
filter paper prior to acidification. 

9.3 Digestion must be performed within the maximum allowable hold time of 180 days 
from collection. 

10.0 QUALITY CONTROL 

10.1 An Initial Demonstration of Capability study must be performed by each analyst 
prior to unsupervised sample preparation and whenever substantial change has 
occurred in the procedure. Prepare four separate Laboratory Control Standards. 
These standards must be from a source different from that used for instrument 
calibration and taken through the entire analytical procedure. Submit the data to 
the QA department for evaluation. Refer to the Capability and Detection Limit 
Studies SOP for details. 

10.2 A Method Blank must be prepared with each batch of maximum 20 samples and at 
a minimum of one per day. Also, the TCLP/SPLP method blanks must be 
prepared using the same extraction fluid used in the given samples. 

10.3 A Laboratory Control Sample must be prepared with each batch of maximum 20 
samples and at a minimum of one per day. Also, the TCLP/SPLP LCS must be 
prepared using the same extraction fluid used in the given samples. 

10.4 A Matrix Spike and Matrix Spike Duplicate must be prepared with each batch of 
maximum 20 samples and at a minimum of one per day. If insufficient sample is 
available for the preparation of the MS/MSD, a duplicate LCS (LCSD) or a MS on 
two separate samples must be prepared. 

11.0 CALIBRATION AND STANDARDIZATION 

11.1 Repipetters must be verified on a weekly basis. Details of this requirement and 
the procedure used to verify their operation are in the Calibration of Manual 
Repipetters SOP. 

11.2 Verify the operation of the digestion block. Temperature must be maintained in the 
range of 90 — 95°C. 

.0 PROCEDURE 

12.1 Prior to use, rinse digestion vessels, graduated cylinders, funnels, filtration device, 
and watch glasses with 1:1 nitric acid and 3 rinses of DI water. 
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12.2 Shake sample vigorously and transfer 50 ml of sample directly into a digestion 
vessel. For dissolved metals filter an adequate amount using the vacuum fltration 
device unless sample was filtered in the field. 

12.3 Using an Oxford Macro pipet under a fume hood, add 1 ml of 30% H 2O2  and 1 ml 
of concentrated HNO 3  to the sample and swirl to mix. 

12.4 Place the digestion vessel in the digestion block for one hour. Do not allow the 
digestate to boil. Do not allow the vessel to go to dryness. If the vessel goes to 
dryness, the digestion must be started again with a new aliquot of sample. 

12.5 Cool the digestate to room temperature. 

12.6 Add 1.5 ml of concentrated HNO3 to the sample and swirl to mix. 

12.7 Place the digestion vessel in the digestion block for one hour. Do not allow the 
digestate to boil. Do not allow the vessel to go to dryness. If the vessel goes to 
dryness, the digestioh must be started again with a new aliquot of sample. If 
oxidation is not complete after this second addition of acid and the heating 
process, add additional HNO 3  in 1 ml increments until complete. (Complete 
oxidation can be visually evaluated. The production of a light colored digestate or 
no change in appearance with continued digestion is typically indicative of 
complete oxidation.) 

12.8 Cool the digestate to room temperature. 

12.9 Dilute, in the digestion vessel, the sample volume to 50 ml with DI water and filter 
if particulate matter is present. 

13.0 CALCULATIONS AND DATA HANDLING 

13.1 Sample preparation is documented on the Metals Digestion Log Sheet. 

13.2 Enter the preparation data in the LIMS. Details on the procedure for entering 
analytical data are in the Preparation Batch Data Entry SOP. 

14.0 METHOD PERFORMANCE 
Not applicable. 

15.0 POLLUTION PREVENTION 

15.1 The quantity of chemicals purchased should be based on expected usage during 
their shelf life and the disposal cost of unused material. 

15.2 Prepare the minimum amount of reagent and standard necessary. 

16.0 WASTE MANAGEMENT 

Page 8 of 9 
E:\Policies  and Procedures (SOPs)\Technical Operations\Metals\SOPs-SIMALABS\MetAqPrp-GFAA(1).doc 



SOP ID: MetAqPrp-GFAA(1) 
Revision: 1 

.Revised Date: 12/11/2001 

16.1 Refer to the SIMALABS International Sample Disposal SOP for guidance on the 
disposal of any resulting residue, digestate, distillate, extract or standard. 

17.0 REFERENCES 

17.1 EPA Methods 200.0, 206.2, 270.2 

17.2 SW-846 Methods 3020A ;  7060A, 7740 

17.3 SIMALABS International Quality Assurance Plan, current revision 

18.0 TABLES, FORMS, CHECKLISTS, AND OTHER ATTACHMENTS  
None 
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GRAPHITE FURNACE ATOMIC ABSORPTION ANALYSIS OF CADMIUM  
FOR AQUEOUS SAMPLES 

LOCATION: 

Metals, Metals Laboratory 

REFERENCE: 

SW-846, 3rd Edition, Method 7131 

MATRIX: 

Water. Leachates 

QUANTITATION LIMIT: 

EQL = 2.0 ug/L; MDL = 0.017 ug/L. 

RANGE: 

2.0 ug/L to 20 ug/L without dilution 

PRINCIPLE, SCOPE AND APPLICATION: 

Cadmium in solution may be readily detennined by graphite fumace atomicabsorption spectros- 
copy.Themethodissimple,rapid,andapplicabletoavarietyofmatrices. Samplesfortotals 
analysis require digestion prior to analysis. 

Detection limits, sensitivity, and optimum ranges ofthe metals will varywith the matrices and 
models of atomic absorption spectrophotometers. Whenusingfumacetechniquestheanalyst 
should be cautioned as to possible chemical reactions occuning at elevated temperatures which 
mayresultine'rfhersuppressionorenhancementoftheanalysiselement. To ensure valid data 
with furnace techniques, the analyst must examine each matrix for interference effects. 

When using the fumace technique in oonjuncfion with an atomic absorption spec(rophotometer, a 
representative aliquotof a sample is placed in the graphite tube in the fumace, evaporated to 
dryness, charred, and atomized. Radiation from a given excited element is passed through the 
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vapor containing ground-state atoms ofthat element. The metal atoms to be measured are 
placed in the beam of radiation by increasing thetemperature ofthefumace, thereby causing the 
injected specimen to be volatilized. A monochromator isolates the discharge lamp, and a 
photosensitive device measures the attenuated transmitted radiation. 

INTERFERENCES AND CORRECTIVE ACTION: 

Atthough the problem of oxide formation is greatly reduced with fumace procedures because 
atomization ocaars in an inert atmosphere, the technique is still subject to chemical interferences. 
Thecompositionofthesamplematroccanhaveamajoreffectontheanalysis. ftisthoseeffects 
which must be determined and taken into consideration in the analysis of each different matrix 
encountered. To help venfythe absence of matrix orchemical interference, the serial dilution 
technique may be used. Those sampleswhich indicatethe presence of interference should be 
treated in one or more of the following ways: 

(1) Successively dilute and reanalyze the samples to eliminate 
interferences. 

(2) Analyzethesamplebymethodofstandardadditionswhile nofidng the 
precautions and limitations of its use. 

Gases generated in the furnace during atomization may have molecular absorption bands 
encompassing the analytical wavelength. Bad<ground correction may also compensate for 
nonspecific broad-bank absorption interference. 

Continuousbadkqroundcorrectioncannotcorrectforalltypesofbadcgroundinterference. When 
the badcground interference cannot be compensated for, chemically remove the analyte or use an 
alternate form of background correction, e.g. Zeeman background correction. 

Interference from a smoke-produdng sample matroc can sometimes be reduoad by extending the 
charring time at a highertemperature or utilizing an ashing cycle in the presence of air. Care 
must be taken, however, to prevent loss of the analyte. 

Samples containing large amounts of organic materials should be oxidized by conventional acid 
digestion before being placed in thefurnace. In thisway, broad-band absorption will be 
minimized. 

Anion interFerence studies in the graphite furnace indicate that, under conditions other than 
isothermal, the nitrate anion is preferred. Therefore, nihic acid is preferableforany digestion or 
solubilzation step. Ifanother acid in addition to HNO3  is required, minimum amountshould be 
used. This applies particularlyto hydrochloricand to a lesserextentto sulfuric and phosphoric 
acids. 

Cross-contamination and contamination ofthe sample can be a major source of error. The 
samplepreparationworkareashoukJbekeptscaupulousfydean. Pipettipsareafrequentsource 
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(yfcontamination. Ifcontamination is suspected, thetips should be soaked with 1:5 nitric acid and 
rinsed thoroughly with DI water. 

SAFETY PRECAUTIONS: 

Lab coats and safety goggles are to be worn while working with samples, especially during 
digestionprocedures. Allinstrumentvaporsaretobeventedtotheexteriorofthebuilding,andall 
digestions are to occur under a fume hood. 

SAMPLE SIZE COLLECTION, PRESERVATION AND HANDLING: 

Aqueous and leachate samples are to be collected in 500 ml plastic containerswith teflon lined 
lids, preserved to pH < 2 with nitric acid, and cooled to 4°C until digestion. Sarnples must be 
analyzed within 6 months of collection. 

APPARATUS: 

1)Varian SpectrAA400withdoublebeam, grating monochromator, photomultiplierdetector, 
adjustable slits, wavelength range of 190 to 800 nm, Zeeman background correction, and 
interfaced with an IBM computer and dot matrix printer. 

2)ZeemanGraphiteTubeAtomizerprovidespowertofumaceandspectrophotometer. Allows 
use of two gasses, and requires cooling water. Providestemperaturerangeof40-3000°Cand 
heating times of 0- 500 seconds. Provides gas control between 0 and 3.1 Umin. 

3)Autosamplerwith capability of running 45 samples including checkstandards. Dispenses 
volumes from 1 to 40 ul. 

4) IBM PS12 Model 30 computer, controls operation of spectrophotometerand provides data 
manipulation and reporting of sample calculations. 

5) Citizen dot matrix printer, prints calibration and sample results. 

6) Class A volumetric pipets 

7) Class A volumetric flasks 

8) Pipets: Microliter, with disposable tips. sizes can range from 5 to 100 uL as 
required. Pipet tips should be checked as a possible sources of contamination 
prior to their use. 

9) Analytical balance 
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10) Disposable glass serological pipets 

ROUTINE MAINTENANCE: 

Gasses are checked daily to insure adequate pressure. The autosampler parts are chedced daily. 
Fumace optics are deaned twice weeky. Plumbing connections , and the fumace are checked as 
needed. Electrodes are changed as needed. Graphite tube is changed as needed. 

REAGENTS AND CALIBRATION STANDARDS: 

1) Deionized water - Type II 

2) Nitric Acid - concentrated, trace metals grade (Fisher, AS09-212) 

3)Fumace stodc calibration standard: Using a ClassAvolumetricpipet, dilute 1.0 ml Cadmium 
Stock (Spey, QC-19 -1000 ppm), and 4.0 ml corx:entrated nitric acid, to 200 ml with DI water in a 
volumetricflask. Bring to volume. Thiswill result in a final concentration of 10 ppm Cadmium. 
Dilute stock calibration standard 1:99 with DI water for daily calibration. 

4) Furnace ICV/CCV Solutions: Using a 100 uL micropipet and a 10 mL glass serological 
disposable pipet, transfer 0.10 ml QC-19 Stock (SPEX , QC-19, 100 ppm) and 2.0 ml 
concentrated nitric acid to a 100 ml ClassAvolumetricflask partialyfilled with DI water. Bring to 
volume. This will resuft in a 100 ppbfinal concentration. Dilute 1:1 fora wor(ing concentiation of 
50 ppb. 

5)Cadmium Modifier. Using an anayfical balance, weigh 1.00 g NH 4HZPO4  (Fisher, A684-500) 
and transfer to a 100 mL Class A volumetric flask. Dilute to volume. 

CALIBRATION PROCEDURES: 

A cunre consisting of4 standards and a blank is anayzed atthe beginning of each run. The curve 
must demonstrate a correlation coefficient of> 0.995 to be valid. An ICV followed by an ICB are 
analyzed priorto sample anaysis. The ICV must recoverwithin 20 %oftrue value, and the ICB 
must show resutts less than the PQL. After every 10 samples, and at the conclusion ofthe nan, a 
CCV and CCB are anayzed. The CCV and CCB must meetthe above stated criteria forthe ICV 
and ICB. 

SAMPLE PREPARATION: 

Aqueous: See SOP-MET-3020-1 
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ANALYSIS PROCEDURE: 

1.) Tum on monitor, oomputer, SpectraAA-400, Zeeman, Graphic Tube Atomizer, T& A 
cooling unit, hood printer, Argon gas at its source. Press F10 (index) on computer 
keyboard. Type 10, press F-6 (new page) press F1(dearsequence). Type the number 
ofthe program to be run. Press F6, the program is loaded and the correct lamp is 
automatically moved into position. 

2.) Swingtoggleleverclockwisetoreleasethefumacerighthandhousing. Cleanfumace 
housing using a cotton swap and isopropyl nibbing alcohol. Clean a graphite tube and 
ifs platform using a Kim wipe. Position graphite platform inside the plateau tubes so that 
itisperpendiculartothesampleinjectionholeofthetube. Placethegraphitetubeinthe 
fumace housing being careful to align the sample introduction hole in the graphite tube to 
the center of the fumace chimney. Swingthetogglelevercounter-:lockwiseinorderto 
close the right-hand housing onto the tube now positioned inside the furnace housing. 

3.) Remove rinse bottle and fill to the line with DI H 2O. Clean the Blank, Modifier and 
Standard cups with DI H 20 and 1:1 Nitric acid. Fill and place these cups in their labeled 
positions on the autosampler tray. 

4.) Press F10 (index). Type 8 and press F6 (new page). Press F2 (align sampler) twice. 
The sampling arm will move from ifs rinse position to the sample 1 position and than to 
thesampleintroductionholeinthegraphitetube. Adjustthepositionoftheautosampler 
capillarytube inside the hole in the graphite tube so that it is in the centerofthis hole. 
Use the backwards and forward adjuster along with the sideways adjusterto accomplish 
the correct positioning. 

5.) Opensyringecompartrnentdoor. Putthesyringeclearofit'smountingand removethe 
plungerfrom the syringe. While holding atissue beneath the syringe press F3 (rinse). 
Liquid will emerge along with any air bubbles present in the line. Press F3 (rinse) again, 
and while solution is dripping from the syringe, carefully insertthe plunger into the 
syringe. Re-insertthe syringe assembly into it's housing and close the compartment 
door. 

6.) Press F10 (index). Type 18 and Press F6 (new page). Press F4 (tube clean). The 
fumace will heat and clean the graphite tube. PressshiftandFl1(startGTA). Atrial 
startwillbegin. Watchthesamplertoensureitpullsupblankandmodifiersolutioninto 
the capillary and is properly injected ontothe platfonn inside the graphitetube. Swing 
the mirror assembly counter-clockwiseto force it in the path ofthe UV light and thus 
puttinginviewthepositionofthecapillarywhileinsidethegraphictube. Ensurethatthe 
droplet is placed correctly in the tube. Allow the temperature program to go to 
completion and note the analytical signal. 

7.) Press F10 (index). Type 6 and then F6 (new page). Open the Spectra 400 lamp cover 
and by tuming the two knobs on the left-hand side ofthe appropriate lamp adjustthe 
angle until the lamp peak wavelength has been found (i.e. the optimization line is at its 
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furthest most position from the left-hand baseline.) Note: pressing F1(rescale) allows 
the wavelength line that may reach a maximum atthe right hand edge ofthe screen to 
rescale ata point nearthe middle ofthe screen. Oncethe lamp has sufficientlywarmed 
(approximately 20 minutes from the time of the program) the run can be started. 

8.) 	Poursamples to be analyzed into sample cups and place them into the autosampler 
Uay. Record posfion of samples in tray on sample run list log. Pour chedc standards into 
sample cups and place them in their proper posfions in the autosamplertray. Press F10 
(index). Type 15 and press F6 (new page). Press F11 (start) to begin sample run. 

Specific settings for Cadmium: 

Cadmium: Program #6, Matrix Modifier - Cadmium Modifier 
Standard 1=0.25 ppb, 2= 0.50 ppb, 3= 1.00 ppb, 4= 2.50 ppb 
ICV = 1.00 ppb, CCV = 1.00 ppb 

QUALITY CONTROL : 

AII quality control data should be maintained and available for easy reference or inspection. 

If 10 or more samples perbatch are analyzed, the working standard cunre must be verified by 
running an addfional standarcl at or nearthe mid-range every 10 samples. Chedcs must be within 
+ 20% of true value. 

At least one preparatory blank, laboratory standard, spike and duplicate sample should be nan 
every 20 samples, or with each matrix type to verify precision of the method. 

Where the sample matmc is so complexthe viscosity, surface tension and cbmponents cannot be 
accurately matched with standards, the method of standard addition may be used. (See belo 

Method of standard additions: 

In the simplestversion ofthis method, equal volumes ofsample are added to a DI water blank 
and to a standard. Ifa higherdegree of accuracy is required, more than one addition shoukl be 
made. The absorbance of each solution is determined and then plotted on the ver6cal axis of a 
graph, with the concentrations ofthe known standards plotted on the horizontal axis. When the 
resulting line is extrapolated backto zero absorbance, then the point of interception ofthe 
abscissa is the concentration of the unknown. The abscissa on the left of the ordinate is scaled 
the same as on the right side, but in the opposite direction from the ordinate. 

The method of standard additions can be very useful; however, forthe results to be valid the 
following limitations must be taken into consideration: 
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1) Theabsorbanceplotofsampleandstandardsmustbelinearovertheconcentration 
range of concem. For best results, the slope ofthe plot should be nearly the same as the slope of 
the aqueous standard curve. Iftheslope is signficantlydrfferent (more than 20 0/6), caution should 
be exercised. 

2) The effect ofthe interFerence should not vary as the ratio of analyte concentration to 
sample matrix changes, and the standard addition should respond in a similar manner as the 
analyte. 

3) The determination must be free of spectral interference and corrected for nonspecific 
background interference. 

The simplestversion of this technique isthe single-addition niethod, inwhich two identical aliquots 
ofthe sample solution, each of Volume Vx, are taken. To the first (labeled A) is added a small 
volume Vs  of a standard analyte solution ofconcentrate cs. Tothe second (labeled B) is added 
the same volume V. ofthe solvent. The analyfical signals ofA and B are measured and coneded 
for non-analyte signals. The unknown sample concentration c x  is calculated: 

Cz = 	`-SBVSCS 
(S,; SB) VX 

where, 

SA  and SB  are the analytical signals (corrected forthe blank) of solutions A and B, respectively. 
V. and cs  should be chosen so that SA  is roughly twice SB  on the average. It is best W. is made 
much less than VX, and thus cs  is much greaterthan c,,, to avoid excess dilution ofthe sample 
matrix. If a separation or concentration step is used, the addfions are best made first and canied 
through the entire procedure. 

DATA TREATMENT: 

For determination of inetal concentration by direct aspiration and furnace; read the metal valu 
ug/L from the calibration cunre or directly from the read-out system of the instrument. 

If dilution of sample was required: 

	

ug/L metal in sample = 
	

Ax (C+B 
C 

where, 

A= 	ug/L of inetal in diluted aliquot from 
calibration curve 

Acid blank matrix used for dilution, mL 
sample aliquot, mL N 
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DATA DELIVERABLES: 

Reports to client will include: 
- 	Date of receipt 
- 	Date of preparation 
- 	Date of analysis 
- 	Analyst 
- 	Matrix 
- 	Laboratory ID# 
- 	Client ID# 
- 	Analytical method # 
- 	Concentration Determined and resulting PQL 
- 	ICV, CCV Summary form 
- 	ICB, CCB, Prep Blank Summary form 
- 	Spike Sample Recovery form 
- 	Laboratory Control Sample Summary form 
- 	AII Raw Data 
- 	Preparation Records 

C:\WINDOWS\TEMP\7131  Aqueous.wpd 
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GRAPHITE FURNACE ATOMIC ABSORPTION ANALYSIS OF CADMIUM 
FOR AQUEOUS SAMPLES 

LOCATION: 

Metals, Metals Laboratory 

REFERENCE: 

SW-846, 3rd Edition, Method 7131 

MATRIX: 

Water, Leachates 

QUANTITATION LIMIT: 

EQL = 2.0 ug/L; MDL = 0.017 ug/L. 

RANGE: 

2.0 ug/L to 20 ug/L without dilution 

PRINCIPLE. SCOPE, AND APPLICATION 

Cadmium in solution may be readiy detenrined by graphitefumace atomic absorption spectros- 
copy. The method is simple, rapid, and applicable to a variety of matrices. Samples fortotals 
analysis require digestion prior to analysis. 

Detection limits, sensitivity, and optimum ranges ofthe metals will varywith the matrices and 
models of atomic absorption spectrophotometers. When using fumace techniques the analyst 
shoukJ be cautioned asto possible chemical reactions occurring at elevated temperatureswhich 
mayresultine"Ithersuppressionorenhancementoftheanalysiselement. To ensure valid data 
with furnace techniques, the analyst must examine each matrix for inten`erence efFects. 

When using the fumace technique in conjunction wrfh an atomic absorption spectrophotometer, a 
representative aliquot of a sample is placed in the graphite tube in the fumace, evaporated to 
dryness, charred, and atomized. Radiation irom a given excited element is passed through the 
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vapor containing ground-state atoms ofthat element. The metal atoms to be measured are 
piaced in the beam of radiation by inc-easing thetemperature ofthefumace, thereby causing the 
injected specimen to be volatilized. A mon och ro mato r isolates the discharge lamp, and a 
photosensitive device measures the attenuated transmitted radiation. 

INTERFERENCES AND CORRECTIVE ACTION: 

Although the problem of oxide formation is greatly reduced with fumace procedures because 
atomization occxars in an inertafinosphere, thetechnique is still subjectto chemical interferences. 
The composition ofthe sample matroc can have a major effect on the analysis. It is those efPects 
which must be detennined and taken into consideration in the analysis ofeach different matrix 
encountered. To help verifythe absence of matrix or chemical interference, the serial dilution 
technique may be used. Those sampleswhich indicatethe presence of interference should be 
treated in one or more of the following ways: 

(1) Successively dilute and reanalyze the samples to eliminate 
interferences. 

(2) Analyzethesamplebymethodofstandardaddifionswhile noticing the 
precautions and limitations of its use. 

Gases generated in thefumace during atomization may have molecularabsorption bands 
encompassing the analytical wavelength. Badcground correction may also compensate for 
nonspecific broad-bank absorption interFerence. 

Confinuousbad<groundconectioncannotcorrectforalliypesofbadcgroundinterference. When 
the badcground interference cannot be compensated for, dhemically remove the analyte oruse an 
alternate form of background correction, e.g. Zeeman background correction. 

Interference from a smoke-producing sample matrix can sometimes be reduced by extending the 
charring time at a highertemperature or utilizing an ashing cycle in the presence of air. Care 
must be taken, however, to prevent loss of the analyte. 

Samples containing large amounts of organic materials should be oxidized by conventional acid 
digestion before being placed in the furnace. In thisway, broad-band absorption will be 
minimized. 

Anion interFerence studies in the graphite furnace indicate that, under conditions otherthan 
isothermal, the nitrate anion is prefened. Therefore, nitric add is preferable forany digestion or 
solubilzation step. If another acid in addition to HNO, is required, minimum amount should be 
used. This applies particularlyto hydrochloricand to a lesser extent to suffutic and phosphoric 
acids. 

Cross-contamination and contamination ofthe sample can be a major source of error. The 
samplepreparationworkareashoukJbekeptscaupulouslydean. Pipettipsareafrequentsource 
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of contamination. If oontamination is suspected, the tips should be soaked with 1:5 nitric acid and 
rinsed thoroughly with DI water. 

SAFETY PRECAUTIONS: 

Lab coats and safety goggles are to be worn while working with samples, especially during 
digestionprocedures. Allinstnamentvaporsafetobeventedtotheexteriorofthebuilding,andall 
digestions are to occur under a fume hood. 

SAMPLE SIZE COLLECTION PRESERVATION AND HANDLING• 

Aqueous and leachate samples are to be collected in 500 ml plastic containers with teflon lined 
lids, preserved to pH <2 with nitric acid, and cooled to 4°C until digestion. Samples must be 
analyzed within 6 months of collection. 

APPARATUS: 

1)Varian SpectrAA400 with double beam, grating monochromator, photomuftiplierdetector, 
adjustable slits, wavelength range of 190 to 800 nm, Zeeman background correction, and 
interfaced with an IBM computer and dot matrix printer. 

2)Zeeman Graphite Tube Atomizer provides power to fumace and spectrophotometer. Allows 
use of two gasses, and requires cooling water. Providestemperaturerangeof40-3000°Cand 
heating times of 0- 500 seconds. Provides gas control between 0 and 3.1 L/min. 

3)Autosamplerwith capability of nanning 45 samples including check standards. Dispenses 
volumes from 1 to 40 ul. 

4) IBM PS12 Model 30 computer, controls operation ofspectrophotometer and provides data 
manipulation and reporting of sample calculations. 

5) Citizen dot matrix printer, prints calibration and sample results. 

6) Class A volumetric pipets 

7) Class A volumetric flasks 

8) Pipets: Microliter, with disposable tips. sizes can range from 5 to 100 uL as 
required. Pipet tips should be checked as a possible sources of contamination 
prior to their use. 

9) Analytical balance 
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10) Disposable glass serological pipets 

ROUTINE MAINTENANCE: 

Gasses are chedced daiy to insure adequate pressure. The autosampler parts are checked daily. 
Fumace optics are deaned twioe weeky. Plumbing connections , and the fumace are chedced as 
needed. Electrodes are changed as needed. Graphite tube is changed as needed. 

REAGENTS AND CALIBRATION STANDARDS: 

1) Deionized water - Type II 

2) Nitric Acid - concentrated, trace metals grade (Fisher, AS09-212) 

3) Fumace stodc calibration standard: Using a ClassAvolumetric pipet, dilute 1.0 ml Cadmium 
Stock (Spex, QC-19 -1000 ppm), and 4.0 ml concentrated nitric acid, to 200 ml with DI water in a 
volumetricflask. Bring to volume. This will result in a final concentration of 10 ppm Cadmium. 
Dilute stock calibration standard 1:99 with DI water for daily calibration. 

4) Furnace ICV/CCV Solutions: Using a 100 uL micropipet and a 10 mL glass serological 
disposable pipet, transfer0.10 ml QC-19 Stock (SPEX, QC-19, 100 ppm) and 2.0 ml 
concentratednitricacidtoa100mICIassAvolumetricflaskpartiallyfilledwithDlwater. Bringto 
volume. This will resuR in a 100 ppb final concentration. Dilute 1:1 foraworking concentration of 
50 ppb. 

5)Cadmium Modfier. Using an anaytical balance, weigh 1.00 g NH,H 2PO4  (Fisher, A684-500) 
and transfer to a 100 mL Class A volumetric flask. Dilute to volume. 

CALIBRATION PROCEDURES: 

A curve consisting of4 standards and a blank is anayzed atthe beginning of each run. The curve 
must demonstrate a correlation coefficient of> 0.995 to be valid. An ICV followed by an ICB are 
analyzed priorto sample anaysis. The ICV must recoverwithin 20%oftnae value, and the ICB 
must show rre,sults less than the PQL. After every 10 samples, and atthe conclusion of the nan, a 
CCV and CCB are anayzed. The CCV and CCB must meetthe above stated criteria forthe ICV 
and ICB. 

SAMPLE PREPARATION: 

Aqueous: See SOP-MET-3020-1 
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ANALYSIS PROCEDURE: 

1.) Tum on monitor, computer, SpectraAA-400, Zeeman, GraphicTubeAtom¢er, T &A 
cooling unit, hood printer, Argon gas at its source. Press F10 (index) on computer 
keyboard. Type 10, press F-6 (new page) press F1(dearsequence). Typethe number 
ofthe program to be run. Press F6, the program is loaded and the correct lamp is 
automatically moved into position. 

2.) Swingtoggleleverclockwisetoreleasethefumacerighthandhousing. Cleanfumace 
housing using a cotton swap and isopropyl nabbing alcohol. Clean a graphite tube and 
iYs platform using a Kim wipe. Posfion grapFilte platfon n inside the plateau tubes so that 
itisperpendiculartothesampleinjedionholeofthetube. Placethegraphitetubeinthe 
fumace housing being careful to align the sample introduc6on hole in the graphite tube to 
the center of the fumace chimney. Swing the toggle lever counter-clockwise in orderto 
close the right-hand housing onto the tube now positioned inside the furnace housing. 

3.) Remove (nse bottle and fill to the linewith DI H zO. Clean the Blank, Modifier and 
Standard cupswith DI H ZO and 1:1 Nitric acid. Fill and placethese cups in their labeled 
positions on the autosampler tray. 

4.) Press F10 (index). Type 8 and press F6 (new page). Press F2 (align sampler) twice. 
The sampling arm will movefirom iPs rinse position tothe sample 1 position and than to 
the sample introducfion hole in the graphite tube. Adjust the position ofthe auto sampler 
capillarytube inside the hole in the graphite tube so that it is in the center ofthis hole. 
Usethe backwards and forvward adjusteralong wilh the sideways adjusterto accomplish 
the correct positioning. 

5.) Open syringe compartment door. Put the syringe dear of iYs mounting and remove the 
plungerfromthesyringe. WhileholdingatissuebeneaththesyringepressF3(rinse). 
Liquid will emerge along with any air bubbles present in the line. Press F3 (rinse) again, 
and while solution is dripping from the syringe, carefully insert the plunger into the 
syringe. Re-insertthe syringe assembly into it's housing and close the compartment 
door. 

6.) Press F10 (index). Type 18 and Press F6 (new page). Press F4 (tube clean). The 
fumacewillheatandcleanthegraphitetube. PressshiftandF11 (startGTA). Atrial 
startvvill begin. Watch the samplerto ensure it pulls up blankand modfiersolution into 
the capillary and is properly injected onto the platfonn insidethe graphitetube. SSnring 
the mirror assembly counter-clockwise to force it in the path of the UV light and thus 
putfinginviewtheposifionofthecapillarywhileinsidethegraphictube. Ensurethatthe 
droplet is placed correctly in the tube. Allow the temperature program to go to 
completion and note the analytical signal. 

7.) Press F10 (index). Type 6 and then F6 (new page). Open the Spectra 400 lamp cover 
and by tuming the two knobs on the left-hand side ofthe appropriate lamp adjust the 
angle until the lamp peakwavelength has been found (i.e. the optimization line is at its 
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furthest most position from the left-hand baseline:) Note: pressing F1(rescale) allows 
the wavelength line that may reach a maximum at the right hand edge ofthe screen to 
rescale at a point nearthe middle of the screen. Onoe the lamp has sufficientlywarmed 
(approximately 20 minutes from the time of the program) the run can be started. 

8.) 	Poursamples to be analyzed into sample cups and placethem into the autosampler 
tray. Record position of samples in tray on sample run list log. Pour check standards into 
sample cups and plaoe them in their proper posifions in the autosamplertray. Press F10 
(index). Type 15 and press F6 (new page). Press F11 (start) to begin sample run. 

Specific settings for Cadmium: 

Cadmium: Program #6, Matrix Modifier - Cadmium Modifier 
Standard 1=0.25 ppb, 2= 0.50 ppb, 3= 1.00 ppb, 4= 2.50 ppb 
ICV = 1.00 ppb, CCV = 1.00 ppb 

QUALITY CONTROL: 

AII quality control data should be maintained and available for easy reference or inspection. 

If 10 or more samples per batch are analyzed, the working standard curve must be verified by 
nanning an additional standarci at or nearthe mid-rrange every 10 samples. Checks must be wilhin 
+ 20% of true value. 

At least one preparatory blank, laboratory standard, spike and duplicate sample should be run 
every 20 samples, or with each matrix type to verify precision of the method. 

Where the sample matra is so complex the viscosity, surfacetension and components cannot be 
accurately matched with standards, the method of standard addition may be used. (See belo 

Method of standard additions: 

In the simplestversion ofthis method, equal volumes ofsample are added to a DI water blank 
and to a standard. If a higherdegree ofaccuracy is required, morethan one addition shouki be 
made. The absorbance of each solution is determined and then plotted on the ver6cal axis of a 
graph, with the concentrafions ofthe known standards plotted on the horizontal axis. When the 
resulting line is extrapolated backto zero absorbance, then the point of interception ofthe 
abscissa is the concentration ofthe unknown. The abscissa on the leftof the ordinate is scaled 
the same as on the right side, but in the opposite direction from the ordinate. 

The method of standard additions can be very useful; however, forthe results to be valid the 
following limitations must be taken into consideration: 
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1) The absorbance plot ofsample and standards must be linear over the concentration 
range of concem. For best results, the slope of the plot should be nearty the same as the slope of 
the aqueous standard curve. Ifthe slope is significantly different (more than 20%), caution should 
be exercised. 

2) The effect ofthe interference should notvary as the ratio of analyte concentration to 
sample matrix changes, and the standard addition should respond in a similar manneras the 
analyte. 

3) The detenrination must befree of spectral interference and corrected for nonspecific 
backgroundinterference. 

The simplestversion of this technique isthe single-addifion method, inwhichtwo identical aliquots 
ofthe sample solution, each ofVolume Vx, are taken. To thefirst (labeled A) is added a small 
volume V. of a standard analyte solution ofconcentrate c s. Tothe second (labeled B) is added 
the same volume Vs  ofthe solvent. The anaytical signals ofA and B are measured and corrected 
for non-analyte signals. The unknown sample concentration c x  is calculated: 

cz = 	SBUs—cs 
(SA SB) VX 

where, 

S,, and SB  are the analytical signals (corrected forthe blank) of solutionsA and B, respectively. 
V. and cs  should be chosen so that SA  is roughly twice SB  on the average. It is best if Vs  is made 
much less than VX, and thus cs  is much greaterthan cx, to avoid excess dilution ofthe sample 
matruc. If a separation orconoentration step is used, the additions are best made first and carried 
through the entire procedure. 

DATA TREATMENT: 

For determination of inetal concentration by direct aspiration and furnace; read the metal valu 
ug/L from the calibration curve or directly from the read-out system of the instrument. 

If dilution of sample was required: 

	

ug/L metal in sample = 	A x (C + B)  
C 

where, 

A= 	ug/L of inetal in diluted aliquot from 
calibration curve 

B= Acid blank matrix used for dilution, mL 
C = sample aliquot, mL 
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DATA DELIVERABLES: 

Reports to client will include: 
- 	Date of receipt 
- 	Date of preparation 
- 	Date of analysis 
- 	Analyst 
- 	Matrix 
- 	Laboratory ID# 
- 	Client ID# 
- 	Analytical method # 
- 	Concentration Determined and resulting PQL 
- 	ICV, CCV Summary form 
- 	ICB, CCB, Prep Blank Summary form 
- 	Spike Sample Recovery form 
- 	Laboratory Control Sample Summary form 
- 	AII Raw Data 
- 	Preparation Records 

C:\WINDOWS\TEMP\7131  Aqueous.wpd 



cubs@cubs.com 	To: Alan Baumann/R5/USEPA/US@EPA 

10/01/02 10:24 AM 	
cc: WA  Subject: Come Join Us At Wrigley Field 

Dear Wrigleyville Neighbor: 

Come Join Us At Wrigley Fie1d! 

Thank you for supporting our proposed improvements to Wrigley Fie1d. We've 
received thousands of positive responses from our neighbors and greatly 
appreciate your support as we continue to work with neighborhood groups and 
the.City of Chicago to £inalize our plans for improvements and additional 
night games. 

To express our thanks for your interest and support, we're inviting you to 
join us and other members o£ Wrigleyville Neighbors for lunch at Wrigley 
Field between 11:00 a.m. and 1:00 p.m. on Saturday, 
October 5. 

We'11 provide the £ood and refreshments and you'11 be able to run the bases, 
play catch and take pictures in front of the ivy-covered wall. 

Please RSVP by 2:00 p.m. on Friday by calling 888-871-CUBS (2827). For 
security reasons (and to ensure we have enough food), only those who RSVP 
will be allowed in. IMPORTANT: You must bring a photo ID with you to the 
ball park. 

If you know someone in the neighborhood who wants to join Wrigleyville 
Neighbors, please have them RSVP so we can sign them up on Saturday. 

Hope to see you there! 	 , 

Andy MacPhail 
President 

Mark E. McGuire 
Executive Vice President, Business Operations  
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SOP ID: MetAqPrp-ICPFLAA(4) 
Revision: 4 

Revised Date: 12/11/2001 
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STANDARD OPERATING PROCEDURE FOR THE 
PREPARATION OF AQUEOUS SAMPLES AND EXTRACTS 

FOR TOTAL OR DISSOLVED METALS ANALYSIS 

BY INDUCTIVELY COUPLED PLASMA OR FLAME ATOMIC ABSORPTION 

SPECTROSCOPY 

Originating Author: Karin Stewart 
Revision Author: Troy Goehl 

This SOP is effective upon signed approval by the following: 

~✓2JUV.-~ 	 13-.2ool  
Unit Su ervisor 	 Date 

07VCFC ir~ ' 6r 	 Date 

DISCLAIMER: This SOP has been developed for use at the SIMALABS 
International, Merrillville, Indiana facility. It is intended for use by trained analysts. 
As written, this SOP may not be specifically applicable to the activities of other 
organizations. 
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2.0 SCOPE AND APPLICATION 

2.1 This procedure is based EPA Method 200.7 and SW-846 Method 3010A. This 
procedure is applicable to the digestion of aIl aqueous samples and the extracts 
from the TCLP and SPLP procedures. This procedure is not applicable for the 
preparation of samples to be analyzed by Graphite Furnace Atomic Absorption 
Spectroscopy. 

3.0 SUMMARY 

3.1 	1.5 ml of concentrated nitric acid is added to a 50 ml aliquot of sample. The 
mixture is heated near boiling. An additional 2 ml of nitric:acid is added to the 
sample and the mixture is again heated to near boiling. 5 ml of a 50% hydrochloric 
acid solution is added to the mixture and the mixture gently heated, cooled and 
diluted to a final volume of 50 ml with DI water. 

3.2 This procedure is a combination of the EPA methods referenced in section 17.0. 
There are subtle differences in the acid volumes used in the reference methods. 
This procedure uses a 50 ml aliquot of sample, whereas the reference methods 
are based on 100 ml. The volumes of acid used have been adjusted accordingly 
and, where different volumes of acid are listed in the reference methods, the 
average of the two is used. These changes from the written methods are 
considered acceptable as shown through the continued generation of acceptable 
control samples and performance evaluation samples. 

4.0 DEFINITIONS 

4.1 Aliquot — A measured portion of a sample, or solution, taken for sample preparation 
or analysis. 

4.2 Analyte —The specific component measured in a chemical analysis. 

4.3 Blank—An artificial sample designed to assess specific sources of laboratory 
contamination. There are several types of blanks, which monitor a variety of 
processes: 

• Calibration Blank — An aliquot of the standard diluent (water or organic solvent) 
that is not carried through the sample preparation scheme. It is analyzed to 
verify that the analytical system is free from contamination. Also referred to as 
an instrumentblank or solvent blank. 

• Field Blank — blanks that are collected in the field and analyzed to determine 
the level of contamination introduced into the sample due to sampling 
technique. 

• Method Blank — An aliquot of lab pure water or solid matrix taken through 
sample preparation (when required) and analysis. It is a test for contamination 
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in sample preparation and analyses. Also referred to as a Preparation or 
Procedural Blank. 

4.4 Holding Time — The maximum storage time allowed between sample collection and 
sample analysis when the designated preservation and storage techniques are 
employed. 

4.5 Laboratory Control Sample (LCS) — An aliquot of clean matrix (lab pure water or 
vendor supplied solid) spiked with target analytes or compounds representative of 
target analytes. The sample is carried through the entire analytical process and 
analyte recovery is used to monitor method petformance. Also referred to as a 
laboratory fortified blank (LFB). 

4.6 Laboratory Control Sample Duplicate (LCSD) —An aliquot of laboratory pure reagent 
spiked with the identical amount(s) of target analyte(s) as the LCS. Results of the 
two spikes are used to assess both the bias and precision of a method with a given 
sample matrix. Also referred to as a laboratory fortified blank duplicate (LFB DUP). 

4.7 Matrix — The component or substrate which may contain the analyte of interest. 
Matrices are limited to the following: aqueous (includes extracts from the TCLP or 
other extraction procedure, groundwater, surface water, and wastewater), drinking 
water (potable water and laboratory pure water), non-aqueous liquid (organic liquid 
having <15% settleable solids), and solid (includes sediment, sludge, and soil). 

4.8 Matrix Spike (MS) — An aliquot of a sample that is spiked with a known amount of 
target analyte(s). Recovery of the matrix spike, expressed as percent recovery, is 
used to assess the bias of a method in a given sample matrix. Also referred to as a 
laboratory fortified sample matrix (LFSM). 

4.9 Matrix Spike Duplicate (MSD) — An aliquot of the same sample used for the MS, 
spiked with the identical amount(s) of target analyte(s) as the MS. Results of the 
two spikes are used to assess both the bias and precision of a method with a given 
sample matrix. Also referred to as a laboratory fortified sample matrix duplicate 
(LFSM DUP). 

4.10 Preparation Batch — A group of samples of similar composition which are prepared 
together using the same method, reagents and apparatus within a 24 hour calendar 
day or every 20 samples, whichever is more frequent. Typidally, these are samples 
in the same batch ID in the LIMS. 

4.11 Preservative — A reagent added to a sample, or an action used, to prevent or slow 
decomposition or degradation of a target analyte or a physical process. Thermal and 
chemical preservation may be used in tandem to prevent sample deterioration. 

4.12 Sample — A portion of material supplied by the client for analysis. 

4.13 Sample Duplicate -Two aliquots of the same sample processed independently. This 
monitors precision of the analysis. Precision results are reported as relative percent 
difference (RPD). 
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5.1 The digestion procedure may not be sufficient to completely break down some 
metal complexes. Additional digestion time or a more vigorous digestion may be 
required to facilitate complete digestion. Typically, complete oxidation is 
evidenced by a light color or no change upon addition of acid or continued heating. 

5.2 Precipitation during digestion may cause a suppression of the total Silver content 
measured in the analysis. If this occurs, dilute the sample prior to digestion to 
lower the effective Silver concentration to below 1 ppm. 

5.3 Cross-contamination and contamination of the sample can be a major source of 
error. The sample preparation work area should be kept scrupulously clean. 
Labware suspected of causing contamination should be soaked with 1:5 nitric acid 
and rinsed thoroughly with lab pure water. 

6.0 SAFET'f 

6.1 Eye protection must be worn at all times while in the laboratory. 

6.2 Lab coats and gloves are recommended. Avoid direct contact with reagents, 
standards, and/or samples. 

6.3 Consult the Material Safety Data Sheets (MSDS) for each chemical used for 
information regarding fire hazard, toxicity, first aid, storage, disposal, spill 
procedures, and recommended protective equipment. 

6.4 Chemicals having the potential to produce toxic fumes must be handled in a fume 
hood. 

7.0 EQUIPMENT AND SUPPLIES 
The following is a list of materials needed to perForm the steps of this procedure as 
written. See the reference method(s) for equipment and supply specifications. 

7.1 All volumetric glassware used shall be ASTM Class A. 

7.2 Digestion vessels, Environmental Express catalog #SC475 or equivalent 

7.3 Filters, Environmental Express FilterMate, catalog #SC0401, or equivalent 

7.4 Ribbed watch glasses, Environmental Express catalog #SC505 or equivalent 

7.5 100 ml graduated cylinders 

7.6 Digestion block capable of maintaining 90 to 95°C 

7.7 Class A volumetric pipets 

Page 5 of 10 
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7.8 Oxford-style repipetters 

7.9 Vacuum filtration device 

7.10 0.45 micron filters 

8.0 REAGENTS AND STANDARDS 

8.1 AII reagents used must be analytical reagent (AR) grade or higher. AII standards 
must be traceable to NIST, when available. Certificates of traceability must be 
obtained from the manufacturer. AII reagents and standards must be documented 
in the appropriate preparation logbook. Refer to the requirements in the  Labeling  
of Standards, Reagents, Digestates and Extracts  SOP. 

8.2 Reagents 

8.2.1 Lab pure water. ASTM Type II water is generated in accordance with the 
procedure described in the Quality Assurance Plan. 

8.2.2 Nitric acid, conc. HNO 3: Trace metals grade (Fisher, AS09-212 or equivalent) 

8.2.3 Hydrochloric acid, conc. HCI: Trace metals grade (Fisher, AS08-212 or 
equivalent) 

8.3 Standards 

8.3.1 Stock ICP Spike Standard 1: Inorganic Ventures catalog #SIMA-SPIKE-1, or 
equivalent, contains the following constituents. Store this standard in the 
standards cabinet located in the metals instrument lab. 

ELEMENT CONC., ug/ml 
Ca, Mg, Na 10,000 
AI, Pb, Ni, TI, V, Zn 1000 
Ba, Be, Cd, Co, Cu, Mn, Ag, Sr 100 

8.3.2 Working ICP.Spike Standard 1: In a 250 ml volumetric flask, dilute 25 ml of the 
stock ICP spike standard 1 to the mark with 12.5 ml conc. HCI, 5 mi conc. HNO 3  
and DI water. This prepares a standard of the following concentrations. Store 
this standard in the standards cabinet located in the metals instrument lab. 

ELEMENT _ CONC., ug/ml 
Ca, Mg,  Na  1000 
AI, Pb, Ni, TI, V, Zn 100 ' 
Ba, Be, Cd, Co, Cu, Mn, Ag, Sr 10 
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8.3.3 Stock ICP Spike Standard 2: Inorganic Ventures catalog #SIMA-SPIKE-2, or 
equivalent, contains the following constituents. Store this standard in the 
standards cabinet located in the metals instrument lab. 

ELEMENT CONC., ug/ml 
K 10,000 
Sb, As, B, Cr, Fe, Mo, P, Se, Si, S, 
Sn, Ti 

1000 

8.3.4 Working ICP Spike Standard 2: In a 250 ml volumetric flask, dilute 25 ml of the 
stock ICP spike standard 2 to the mark with 12.5 ml conc. HCI, 5 ml conc. HNO 3  
and DI water. This prepares a standard of the following concentrations. Store 
this standard in the standards cabinet located in the metals instrument lab. 

ELEMENT _ CONC.,ug/ml 
K 1000 
Sb, As, B, Cr, Fe, Mo., P, Se, Si, S, 
Sn, Ti 

100 

8.3.5 LCS/MS: Add 1 ml of each of the working ICP spike solutions to 50 ml DI water 
or sample to prepare the LCS or MS, respectively. This prepares a control 
sample with the following constituents. 

~~~~ . `•~ AAueous LCSIMS;'x, 

Aluminum 2.0 Manganese 0.2  

Antimony 2.0 Molybdenum  2.0 

Arsenic 	 12.0 Nickel 2.0 

Barium 	 10.2 Potassium 20 

Beryllium 0.2 Selenium 2.0 

Boron 2.0 Silicon 2.0 

Cadmium 0.2 Silver 10.2 

Calcium 20 Sodium 20 

Chromium 2.0 Strontium 0.2 

Cobalt 0.2 IThailium 12.0 
Copper 0.2 Tin 2.0 

Iron 2.0 Titanium 12.0 

Lead 12.0 1 Vanadium 2.0 

Magnesium 	~ 20 Zinc 2.0 

9.0 SAMPLE COLLECTION, PRESERVATION, AND HOLDING TIMES  

9.1 The client or other trained personnel collect samples. Samples received at the 
laboratory are considered representative unless otherwise noted. 

9.2 Samples should be collected in a plastic container. For Total Metals, preservation 
consists of HNO3  to pH < 2. If samples are preserved in the lab, the samples must 
set for 16 hours pYior to pH verification and subsampling. For Dissolved Metals, 
the sample must be filtered through a 0.45-micron filter prior to acidification. 
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9.3 Digestion must be performed within the maximum allowable hold time of 180 days 
from collection. 

10.0 QUALITY CONTROL  

10.1 An Initial Demonstration of Capability study must be performed by each analyst 
prior to unsupervised sample preparation and whenever substantial change has 
occurred in the procedure. Prepare four separate Laboratory Control Standards. 
These standards must be from a source different from that used for instrument 
calibration and taken through the entire analytical procedure. Submit the data to 
the QA department for evaluation. Refer to the  Capability and Detection Limit  
Studies SOP for details. 

10.2 A Method B/ank must be prepared with each batch of maximum 20 samples and at 
a minimum of one per day. Also, the TCLP/SPLP method blanks must be 
prepared using the extraction fluid used in the given samples. 

10.3 A Laboratory Control Sample must be prepared with each batch of maximum 20 
samples and at a minimum of one per day. Also, the TCLP/SPLP LCS must be 
prepared using the extraction fluid used in the given samples. 

10.4 A Matrix Spike and Matrix Spike Duplicate must be prepared with each batch of 
maximum 20 samples and at a minimum of one per day. If insufficient sample is 
available for the preparation of the MS/MSD, a duplicate LCS (LCSD) or a MS on 
two separate samples must be prepared. 

11.0 CALIBRATION AND STANDARDIZATION 

11.1 Repipetters must be verified on a weekly basis. Details of this requirement and 
the procedure used to verify their operation are in the  Calibration of Manual  
Repipetters  SOP. 

11.2 Verify the operation of the digestion block. Temperature must be maintained in the 
range of 90 — 95°C. 

12.0 PROCEDURE 

12.1 Prior to use, rinse digestion vessels, graduated cylinders, funnels, filtration device, 
and watch glasses with 1:1 nitric acid and 3 rinses of DI water. 

12.2 Shake sample vigorously and transfer 50 ml of sample directly into a digestion 
vessel. For dissolved metals filter an adequate volume of sample using the 
vacuum filtration device unless sample was filtered in the field. 

12.3 Using an Oxford Macro pipet under a fume hood, add 1.5 ml of concentrated HNO 3  
to the sample and swirl to mix. 
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12.4 Place the digestion vessel in the digestion block for two hours. Do not allow the 
digestate to boil. Do not allow the vessel to go to dryness. If the vessel goes to 
dryness, the digestion must be started again with a new aliquot of sample. 

12.5 Cool the digestate to room temperature. 

12.6 Add 2 ml of concentrated HNO3 to the sample and swirl to mix. 

12.7 Place the digestion vessel in the digestion block for 30 minutes. If oxidation is not 
complete after this second addition of acid and the heating process, add additional 
HNO3  in 1 ml increments until complete. (Complete oxidation can be visually 
evaluated. The production of a light colored digestate or no change in appearance 
with continued digestion is typically indicative of complete oxidation.) 

12.8 Add 2.5 ml of DI water and 2.5 ml conc. HCI to the sample, in that order, and swirl 
to mix. 

12.9 Place in digestion block for 15 minutes. 

12.10 Cool the digestate to room temperature. 

12.11 Dilute, in the digestion vessel, the sample volume to 50 ml with DI water and filter 
if particulate matter is present. 

13.0 CALCULATIONS AND DATA HANDLING 

13.1 Sample preparation is documented on the Metals Digestion Log Sheet. 

13.2 Enter the preparation data in the LIMS. Details on the procedure for entering 
analytical data are in the  Preparation Batch Data Entry  SOP. 

14.0 METHOD PERFORMANCE 
Not applicable. 

15.0 POLLUTION PREVENTION 

15.1 The quantity of chemicals purchased should be based on expected usage during 
their shelf life and the disposal cost of unused material. 

15.2 - Prepare the minimum amount of reagent and standard necessary. 

16.0 WASTE MANAGEMENT 

16.1 Refer to the SIMALABS International  Sample Disposal  SOP for guidance on the 
disposal of any resulting residue, digestate, distillate, extract or standard. 

17.0 REFERENCES 
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17.1 USEPA Method 200.7, December 1982 

17.2 SW-846 Methad 3010A 

17.3 SIMALABS International Quality Assurance Plan, current revision 

18.0 TABLES, FORMS, CHECKLISTS, AND OTHER ATTACHMENTS  

None 
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STANDARD OPERATING PROCEDURE FOR THE 
PREPARATION OF AQUEOUS SAMPLES USING 

LIQUID-LIQUID EXTRACTION 
BY SW-846 METHOD 351 OC 

Originating Author: Karin Stewart 
Revision Author: Jeff Loewe 

This SOP is effective upon signed approval by the following: 

6 26 a 
Date 

6-.2v' ~~ VC) /  
Date 

DISCLAIMER: This SOP has been developed for use at the SIMALABS 
International, Merrillville, Indiana facility. It is intended for use by trained analysts. 
As written, this SOP may not be specifically applicable to the activities of other 
organizations. 
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2.0 SCOPE AND APPLICATION 

2.1 This is an extraction procedure for the preparation of samples for Pesticide, 
Polychlorinated Biphenyl, Polyaromatic Hydrocarbon, and Semi-Volatile Organic 
Analytes. This procedure is applicable to the preparation of aqueous and non- 
aqueous liquid matrix samples. 

3.0 SUMMARY 

3.1 Tliis process involves the isolation and concentration of organic compounds from 
aqueous samples for a variety of chromatographic techniques. 

3.2 A measured volume of sample, usually 1 liter, at a specified pH, is serially 
extracted with methylene chloride using a separatory funnel. The extract is dried, 
concentrated, and, as necessary, exchanged into a solvent compatible with the 
cleanup or analytical method used. 

4.0 DEFINITIONS 

4.1 Aliquot — A measured portion of a sample, or solution, taken for sample preparation 
or analysis. 

4.2 Analyte — The specific component measured in a chemical analysis. 

4.3 Blank — An artificial sample designed to assess specific sources of laboratory 
contamination. There are several types of blanks, which monitor a variety of 
processes: 

• Field Blank — blanks that are collected in the field and analyzed to determine 
the level of contamination introduced into the sample due to sampling 
technique. 

•- Method Blank — An aliquot of lab pure water or solid matrix taken through 
sample preparation (when required) and analysis. It is a test for contamination 
in sample preparation and analyses. Also referred to as a Method Blank. 

4.4 Holding Time — The maximum storage time allowed between sample collection and 
sample analysis when the designated preservation and storage techniques are 
employed. 

4.5 Laboratory Control Sample (LCS) — An aliquot of laboratory pure reagent spiked with 
target analytes or compounds representative of target analytes. The sample is 
carried through the enfire analytical process and analyte recovery is used to monitor 
method performance. Also referred to as a laboratory fortified blank (LFB). 

4.6 Laboratdry Control Sample Duplicate (LCSD) — An aliquot of laboratory pure reagent 
spiked with the identical amount(s) of target analyte(s) as the LCS. Results of the 
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two spikes are used to assess both the bias and precision of a method with a given 
sample matrix. Also referred to as a laboratory fortified blank duplicate (LFB DUP). 

4.7 Matrix — The component or substrate which may contain the analyte of interest. 
Matrices are limited to the following: aqueous (includes extracts from the TCLP or 
other extraction procedure, groundwater, surface water, and wastewater), drinking 
water (potable water and laboratory pure water), non-aqueous liquid (organic liquid 
having <15% settleable solids), and solid (includes sediment, sludge, and soil). 

4.8 Matrix Spike (MS) — An aliquot of a sample that is spiked with a known amount of 
target analyte(s). Recovery of the matrix spike, expressed as percent recovery, is 
used to assess the bias of a method in a given sample matrix. Also referred to as a 
laboratory fortified sample matrix (LFSM). 

4.9 Matrix Spike Duplicate (MSD) — An aliquot of the same sample used for the MS, 
spiked with the identical amount(s) of target analyte(s) as the MS. Results of the 
two spikes are used to assess both the bias and precision of a method with a given 
sample matrix. Also referred to as a laboratory fortified sample matrix duplicate 
(LFSM DUP). 

4.10 Preparation Batch — A group of samples of similar composition which are prepared 
together using the same method, reagents and apparatus within a 24 hour calendar 
day or every 20 samples, whichever is more frequent. Typically, these are samples 
in the same batch ID in the LIMS. 

4.11 Preservative — A reagent added to a sample, or an action used, to prevent or slow 
decomposition or degradation of a target analyte or a physical process. Thermal and 
chemical preservation may be used in tandem to prevent sample deterioration. 

4.12 Sample — A portion of material supplied by the client for analysis. 

4.13 Sample Duplicate —Two aliquots of the same sample processed independently. This 
monitors precision of the analysis. Precision results are reported as relative percent 
difference (RPD). 

4.14 Solvent exchange — Adding a different solvent other than the original extraction 
solvent and evaporating off the original solvent. 

5.0 INTERFERENCES  

5.1 Interferences that co-elute vary considerably from sample to sample 

5.2 If the analysis of an extracted sample is prevented due to matrix interferences, 
further clean-up of the extract may be required. 

5.3 Phthalate esters can contaminate many types of plasticware and glassware 
products used in the lab. Plastics, in particular, must be avoided because 
phthalates are commonly used ,  in plasficizers and are easily extracted from plastic 
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materials. Phthalate contamination may easily result any time that consistent 
adherence to the quality control requirements are not practiced. 

5.4 Soap residue may cause the degradation of certain analytes especially aldrin, 
heptachlor, and most organophosphorus pesticides. Strict adherence to the 
Glassware Washing SOP is required. 

6.0 SAFETY 

6.1 Eye protection must be worn at all times while in the laboratory. 

6.2 Lab coats and gloves are recommended. Avoid direct contact with reagents, 
standards, and/or samples. 

6.3 Consult the Material Safety Data Sheets (MSDS) for each chemical used for 
information regarding fire hazard, toxicity, first aid, storage, disposal, spill 
procedures, and recommended protective equipment. 

6.4 Chemicals having the potential to produce toxic fumes must be handled in a fume 
hood. 

7.0 EQUIPMENT AND SUPPLIES 

7.1 AII volumetric glassware used shall be ASTM Class A. 

7.2 Turbo Vap II concentrator (water bath = 33 °C) and tubes 

7.3 	2L Teflon separatory funnels 

7.4 Glass funnels 

7.5 Glass wool 

7.6 Disposable pipettes, 1 and 10 ml 

7.7 Graduated cylinders, glass, 100 and 1000 ml 

7.8 2 ml autosampler vials and caps 

7.9 Test tubes with caps 

7.10 VOA vials 

7.11 Centrifuge 

7.12 pH paper 
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8.0 REAGENTS AND STANDARDS 

8.1 AII reagents used must be analytical reagent (AR) grade or higher. AII standards 
must be traceable to NIST, when available. Certificates of traceability must be 
obtained from the manufacturer. AII reagents and standards must be documented 
in the appropriate preparation logbook. 

8.2 Reagents 

8.2.1 Lab pure water 

8.2.2 Acetone (C3H 60) 

8.2.3 Acetonitrile (C 2H 3 N) 

8.2.4 Hexane (C 6 H 14) 

8.2.5 Methanol (CH 40, also noted as MeOH) 

8.2.6 Methylene chloride (CH 2Cl2) 

8.2.7 Sodium sulfate (Na 2SO4) 

8.2.8 Sulfuric acid, concentrated H 2SO4  

8.2.9 Sodium hydroxide (NaOH) 

8.2.10 Sodium hydroxide, 10N NaOH: In a 1 L volumetric flask, dissolve and dilute 400 g 
NaOH to the mark with DI water. 

8.3 Standards 

8.3.1 Stock Base-Neutral Spike Standard, 1000 ug/ml each: Supelco #502294. See 
table in section 18.0 for compound list. 

8.3.2 Stock Acid Spike Standard, 2000 ug/ml each: Supelco #502308. See table in 
section 18.0 for compound Iist. 

8.3.3 SVOA Spike: In a 50 ml volumetric flask, dilute 2.5 ml of the stock base-neutral 
spike standard and 2.5 ml of the stock acid spike standard to the mark with 
MeOH. This prepares a standard containing the base-neutral compounds at 50 
ug/ml and the acid compounds at 100 ug/ml. Add 1 ml of this solution t® the 
LCS, MS, and MSD samples. 

8.3.4 Stock Base-Neutral Surrogate Standard, 5000 ug/ml each: Supelco #4-7262. 
See table in section 18.0 for compound Iist. 

Page6of11_ 
E:\Policies  and Procedures (SOPs)\Technical Operations\Organics\SOPs-SIMALABSWqOrgPrp3510C(2).doc  



SOP ID: AqOrgPrp3510C(2) 
Revision: 2 

Revised Date:06/19/2001 

8.3.5 Stock Acid Surrogate Standard, 10,000 ug/ml each: Supelco #4-7261. See table 
in section 18.0 for compound list. 

8.3.6 SVOA Surrogate Standard: In a 100 ml volumetric flask, dilute 2.0 ml of the stock 
base-neutral surrogate standard and 1.5 ml of the stock acid surrogate standard 
to the mark with MeOH. This prepares a standard containing the base-neutral 
compounds at 100 ug/ml and the acid compounds at 150 ug/ml. Add 1 ml of 
this solution to all samples. 

8.3.7 PNA-IL Surrogate Standard, 10 ug/ml each: Ina 200 ml volumetric flask, dilute 
500 ul of the stock base-neutral surrogate standard to the mark with MeOH. Add 
1 ml of this solution to all samples. 

8.3.8 Stock PNA-IL Spike Standard, 2000 ug/ml each: Accustandard #Z-014G-R-PAK. 

8.3.9 PNA-IL Spike Standard, 10 ug/ml each: In a 100 ml volumetric flask, dilute 500 ul 
of the stock PNA-IL spike standard to the mark with MeOH. Add 1 ml of this 
solution to the LCS, MS, and MSD samples. 

8.3.10 Stock Phenol Surrogate Standard, 2000 ug/ml each: Accustandard #M-8040-SS- 
PAK contains 2-Fluorophenol and 2,4,6-Tribromophenol. 

8.3.11 Phenol Surrogate Standard, 100 ug/ml: In a 25 ml volumetric flask, dilute 1.25 ml 
of the stock phenol surrogate standard to the mark with acetone. Add 1 ml of 
this solution to all samples. 

8.3.12 Stock HPLC PNA Surrogate Standard, 2000 ug/ml: Accustandard #M-625-04- 
10X contains Decachlorobiphenyl (DCB). 

8.3.13 HPLC PNA Surrogate Standard, 50 ug/ml: In a 50 ml volumetric flask, dilute 1.25 
ml of the stock HPLC PNA surrogate standard to the mark with acetonitrile. Add 
1 ml of this solution to all samples. 

8.3.14 Stock PCB Spike Standard, 1000 ug/ml: Supelco #4-4809 contains Aroclor 1260. 

8.3.15 PCB Spike Standard, 5 ug/ml: In a 100 ml volumetric flask, dilute 500 ul of the 
stock PCB spike standard to the mark with hexane. Add 1 ml of this solution 
to the LCS, MS, and MSD. 

8.3.16 Stock Pesticide Spike Standard, 2000 ug/ml each: Supelco #4-8913. See the 
table in section 18.0 for the compound list. 

8.3.17 Pesticide Spike Standard, 0.5 ug/ml each: In a 100 ml volumetric flask, dilute 25 
ul of the stock pesticide spike standard to the mark with acetone. Add 1 ml of 
this solution to the LCS, MS, and MSD. 

8.3.18 Stock Pest/PCB Surrogate Standard, 200 ug/ml each: Accustandard #CLP-032-K 
contains DCB and TCMX. - 
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8.3.19 Pest/PCB Surrogate Standard, 0.2 ug/ml each: In a 200 ml volumetric flask, 
dilute 200 ul of the stock pesUPCB surrogate standard to the mark with hexane. 
Add 1 ml of this solution to all samples. 

9.0 SAMPLE COLLECTION PRESERVATION AND HOLDING TIMES 

9.1 The client or other trained personnel collect samples. Samples received at the 
laboratory are considered representative unless otherwise noted. 

9.2 Samples should be collected in a 1 L amber glass container. Preservation consists 
of storage in the range of 0.1-6 °C. 

9.3 Preparation must be perFormed within the maximum allowable hold time of 7 days 
from collection. 

10.0 QUALITY CONTROL 

10.1 A Laboratory Control Standard must be extracted with each batch of maximum 20 
samples and at a minimum of one per day analyzed. 

10.2 A Method Blank must be extracted with each LCS. 

10.3 A Matrix Spike and Matrix Spike Duplicate sample must be extracted with each 
group of maximum 10 samples at a minimum of one per day extracted for the 600 
series methods with the exception of inethod 625, and with each group of 
maximum 20 samples at a minimum of one per day extracted for the 8000 series 
methods and method 625. If insufficient sample exists for the preparation of a 
MS/MSD, a duplicate LCS (i.e. LCSD) should be extracted. 

11.0 CALIBRATION AND STANDARDIZATION 

11.1 Perform the required preventative maintenance as necessary. 

11.2 Check water level in the Turbo Vap II. Add DI water as needed. 

11.3 Check temperature of the Turbo Vap II water bath and adjust as needed. 

12.0 PROCEDURE 

12.1 Rinse all glassware with acetone. 

12.2 Triple rinse all glassware with methylene chloride. 

12.3 Transfer sample into separatory funnel. The MB and LCS are prepared with DI 
water adjusted to the proper pH. 
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12.4 If necessary, adjust pH using sulfuric acid or sodium hydroxide. See table in 
section 18.0 for the required sample pH. 

12.5 Add surrogate and spike solutions to appropriate samples and record type, lot 
number, and amount added. 

12.6 Add 60 ml methy!ene ch!oride to separatory funnel. 

12.7 Shake separatory funnel for 2 minutes, venting frequently. 

12.8 Prepare funnel filter with glass wool and sodium sulfate. 

12.9 Rinse filter with approximately 20 ml of inethylene chloride and discard the 
methylene ch!oride. 

12.10 Drain extract from separatory funnel through filter into a concentrator tube. 
(Occasionally samp!es will need to be centrifuged to complete the separation). 

12.11 Repeat steps 12.6, 12.7, and 12.10 two more times. 

12.12Rinse filter with methylene chloride adding this to the concentrator tube. 

12.13PIace concentrator tube into Turbo Vap II. 

12.141f needed, "solvent exchange" the extract when its volume is below 1 ml and 
continue to evaporate extract to be!ow 1 ml then remove from the Turbo Vap II. If 
extract does not need a solvent exchange, simply remove extract from Turbo Vap 
11 when extract falls below 1 ml. CAUTION: DO NOT LET EXTRACT GO DRY! 
See table in section 18.0 for the required final solvent. 

If a secondary fraction is to be extracted, adjust pH of sample using sulfuric acid 
or sodium hydroxide. Then repeat steps 12.6, 12.7 and 12.10, and combine the 
two fractions in the same concentrator tube. 

12.15Using a 1 mi syringe, measure and remove extract from concentrator tube and 
place in appropriate container (e.g. vials, test tubes, etc.) labeled with the sample 
I.D., fraction, volume, parameter, and extraction personnel initials. 

12.16Rinse concentrator tube walls with 2-3 ml of appropriate so!vent. 

12.17Using rinse so!vent in concentrator tube, adjust volume of extract appropriate 
vo!ume. 

12.18Cap container of extract. 

13.0 CALCULATIONS AND DATA HANDLING 

13.1 Enter sample preparation data into the LIMS system. 
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14.0 METHOD PERFORMANCE 

14.1 Not applicable. 

15.0 POLLUTION PREVENTION 

15.1 The quantity of chemicals purchased should be based on expected usage during 
their shelf life and the disposal cost of unused material. 

15.2 Prepare the minimum amount of reagent and standard necessary. 

16.0 WASTE MANAGEMENT 

16.1 Dispose of any resulting residue, digestate, or extract in accordarice with Iocal 
sanitary regulations. 

16.2 Additional sample shall be disposed of properly following the completion of 
analysis and an appropriate additional holding time. 

17.0 REFERENCES 

17.1 SW-846 Method 3510C 

18.0 TABLES FORMS, CHECKLISTS, AND OTHER ATTACHMENTS 

BN S ike Standard Com ounds 
Acenapth ene 1,2,4-Trich lorobenzen e 
N-Nitrosodi-N-propylamine 1,3-Dichlorobenzene 
Pyrene 2,4-Dinitrotoluene 

Acid S ike Standard Com ounds 
Pentachlorophenol 4-Chloro-3-methylphenol 
Phenol 4-Nitrophenol 
2-Chloro henol 

BN Surro ate Standard Com ounds 
N itrobenzen e-d5 
p-Terphen~dl4 

1,2-Dichlorobenzene-d4 
2-Fluorobi hen I 

Acid Surrogate Standard Com ounds 
Phenol-d6 
2-Chlorophenol-d4 

2,4,6-Tribromophenol 
2-Fluorophenol 
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PNA S ike Standard Com ounds 
Naphthalene Benzo(b)fluoranthene 
Acenaphthene Benzo(k)fluoranthene 
Acenaphthylene Benzo(a)pyrene 
Flourene Dibenzo(a,h)anthracene 
Pyrene Benzo(g,h,i)perylene 
Benzo(a)anthracene Indeno(1,2,3-cd)pyrene 
Chr sene 

Pesticide S ike Standard Com ounds 
Aldrin Endrin aldehyde 
Alpha-BHC Endrin ketone 
Beta-BHC Gamma-BHC 
Delta-BHC Heptachlor 
Dieldrin Heptachlor epoxide 
Endosulfan I Methoxychlor 
Endosulfan II 4,4'-DDD 
Endosulfan sulfate 4,4'-DDE 
Endrin 4,4'-DDT 

Extraction Conditions 
Determinative Analyte Initial Secondary Final Solvent Final Solvent Final Vol., 
Method and Group Extraction pH Extraction pH for Analysis for Cteanup ml 
Prep Code 
8041 Phenols  <  2 None None Hexane 1 
3510 Phenol 
8081A Pesticides 5-9 None Hexane Hexane 10 
3510 Pest 
8082 PCBs 5-9 None Hexane Hexane 10 
3510 PCB 
8270C SVOA (BNA) <2 >11 None --- 1 
3510 B 
8310 PAH (PNA) As received None Acetonitrile 1 
3510 HPLC 

1= Extraction pH sequence may be reversed to better separate the acid and neutral 
components. Excessive pH adjustments may result in the loss of some analytes. 
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As written, this SOP may not be specifically applicable to the activities of other 
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1 	r"_ ► ~' = 7711NVAtN711% 

2.1 This procedure is based SW-846 Method 3050B. This procedure is applicable to 
the digestion of all non-aqueous samples. Separate procedural steps are included 
depending on the instrument used for analysis. 

WORMJ11F—. ► 

3.1 10 ml of 1:1 nitric acid is added to approximately 1g sample. The mixture is 
heated for 15 minutes then allowed to cool. 5 ml of concentrated nitric acid is 
added to the sample and the mixture is again heated to near boiling for 2 hours. 
DI water and hydrogen peroxide are then added and the mixture heated for an 
additional 2 hours. The digestate is then diluted to volume for analysis by GFAA. 
Analysis by ICP or FLAA requires the addition of 10 ml concentrated hydrochloric 
acid and additional heating prior to final dilution to 100 ml with DI water. 

3.2 This procedure produces 50 ml of digestate, whereas the reference method results 
in 100 ml. The volumes of acid and hydrogen peroxide used have been adjusted 
accordingly. These changes from the written methods are considered acceptable 
as shown through the continued generation of acceptable control samples and 
performance evaluation samples. 

4.0 DEFINITIONS 

4.1 Aliquot — A measured portion of a sample, or solution, taken for sample preparation 
or analysis. 

4.2 Analyte —The specific component measured in a chemical analysis. 

4.3 Blank — An artificial sample designed to assess specific sources of laboratory 
contamination. There are several types of blanks, which monitor a variety of 
processes: 

• Calibration Blank — An aliquot of the standard diluent (water or organic solvent) 
that is not carried through the sample preparation scheme. It is analyzed to 
verify that the analytical system is free from contamination. Also referred to as 
an instrument blank or solvent blank. 

• Field Blank — blanks that are collected in the field and analyzed to determine 
the tevel of contamination introduced into the sample due to sampling 
technique. 

• Method Blank — An aliquot of lab pure water or solid matrix taken through 
sample preparation (when required) and analysis. It is a test for contamination 
in sample preparation and analyses. Also referred to as a Preparation or 
Procedural Blank. 

Page 3 of 10 
E:\Policies  and Procedures (SOPs)\Technical Operetions\Metals\SOPs-SIMALABS\MeWAqPrp(4).doc 



SOP ID: MetNAqPrp(4) 
Revision: 4 

Revised Date: 12/11/2001 

4.4 Holding Time — The maximum storage time allowed between sample collection and 
sample analysis when the designated preservation and storage techniques are 
employed. 

4.5 Laboratory Control Sample (LCS) —An aliquot of clean matrix (lab pure water or 
vendor supplied solid) spiked with target analytes or compounds representative of 
target analytes. The sample is carried through the entire analytical process and 
analyte recovery is used to monitor method performance. Also referred to as a 
laboratory fortified blank (LFB). 

4.6 Laboratory Control Sample Duplicate (LCSD) - An aliquot of laboratory pure reagent 
spiked with the identical amount(s) of target analyte(s) as the LCS. Results of the 
two spikes are used to assess both the bias and precision of a method with a given 
sample matrix. Also referred to as a laboratory fortified blank duplicate (LFB DUP). 

4.7 Matrix — The component or substrate which may contain the analyte of interest. 
Matrices are limited to the following: aqueous (includes extracts from the TCLP or 
other extraction procedure, groundwater, surface water, and wastewater), drinking 
water (potable water and laboratory pure water), non-aqueous liquid (organic liquid 
having <15% settleable solids), and solid (includes sediment, sludge, and soil). 

4.8 Matrix Spike (MS) — An aliquot of a sample that is spiked with a known amount of 
target analyte(s). Recovery of the matrix spike, expressed as percent recovery, is 
used to assess the bias of a method in a given sample matrix. Also referred to as a 
laboratory fortified sample matrix (LFSM). 

4.9 Matrix Spike Duplicate (MSD) —An aliquot of the same sample used for the MS, 
spiked with the identical amount(s) of target analyte(s) as the MS. Results of the 
two spikes are used to assess both the bias and precision of a method with a given 
sample matrix. Also referred to as a laboratory fortified sample matrix duplicate 
(LFSM DUP). 

4.10 Preparation Batch — A group of samples of similar composition which are prepared 
together using the same method, reagents and apparatus within a 24 hour calendar 
day or every 20 samples, whichever is more frequent. Typically, these are samples 
in the same batch ID in the LIMS. 

4.11 Preservative — A reagent added to a sample, or an action used, to prevent or slow 
decomposition or degradation of a target analyte or a physical process. Thermal and 
chemical preservation may be used in tandem to prevent sample deterioration. 

4.12 Sample — A portion of material supplied by the client for analysis. 

4.13 Sample Duplicate — Two aliquots of the same sample processed independently. This 
monitors precision of the arialysis. Precision results are reported as relative percent 
difference (RPD). 

5.0 INTERFERENCES 
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5.1 The digestion procedure may not be sufficient to completely break down some 
metal complexes. Additional digestion time or a more vigorous digestion may be 
required to facilitate complete digestion. Typically, complete oxidation is 
evidenced by a Iight color or no change upon addition of acid or continued heating. 

5.2 Precipitation during digestion may cause a suppression of the total Silver content 
measured in the analysis. If this occurs, dilute the sample prior to digestion to 
lower the effective Silver concentration to below 1 ppm. 

5.3 Cross-contamination and contamination of the sample can be a major source of 
error. The sample preparation work area should be kept scrupulously clean. 
Labware suspected of causing contamination should be soaked with 1:5 nitric acid 
and rinsed thoroughly with lab pure water. 

6.0 SAFETY 

6.1 Eye protection must be worn at alI times while in the laboratory. 

6.2 Lab coats and gloves are recommended. Avoid direct contact with reagents, 
standards, and/or samples. 

6.3 Consult the Material Safety Data Sheets (MSDS) for each chemical used for 
information regarding fire hazard, toxicity, first aid, storage, disposal, spill 
procedures, and recommended protective equipment. 

6.4 Chemicals having the potential to produce toxic fumes must be handled in a fume 
hood. 

7.0 EQUIPMENT AND SUPPLIES  
The following is a list of materials needed to perform the steps of,this procedure as 
written. See the reference method(s) for equipment and supply specifications. 

7.1 AII volumetric glassware used shall be ASTM Class A. 

7.2 Digestion vessels, Environmental Express catalog #SC475 or equivalent 

73 Filters, Environmental Express FilterMate, catalog #SC0401, or equivalent 

7.4 Ribbed watch glasses, Environmental Express catalog #SC505 or equivalent 

7.5 100 ml graduated cylinders 

7.6 Digestion block capable of maintaining 90 to 95°C 

7.7 Class A volumetric pipets 
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7.8 Oxford-style repipetters 

8.0 REAGENTS AND STANDARDS 

8.1 AII reagents used must be analytical reagent (AR) grade or higher. AII standards 
must be traceable to NIST, when available. Certificates of traceability must be 
obtained from the manufacturer. AII reagents and standards must be documented 
in the appropriate preparation Iogbook. Refer to the requirements in the  Labeling  
of Standards, Reagents, Digestates and Extracts  SOP. 

8.2 Reagents 

8.2.1 Lab pure water. ASTM Type II water is generated in accordance with the 
procedure described in the Quality Assurance Plan. 

8.2.2 Nitric acid, conc. HNO 3: Trace metals grade (Fisher, AS09-212 or equivalent) 

8.2.3 Nitric acid, 1:1 HNO 3: Dilute 1 volume of conc. HNO 3  with an equal volume of DI 
water. 

8.2.4 Hydrochloric acid, conc. HCI: Trace metals grade (Fisher, AS08-212 or 
equivalent) 

8.2.5 Hydrogen Peroxide, 30% H 2O2: Fisher, H325-500 or equivalent 

8.3 Standards 

8.11 Stock ICP Spike Standard 1: Inorganic Ventures catalog #SIMA-SPIKE-1, or 
equivalent, contains the following constituents. Store this standard in the 
standards cabinet located in the metals instrument lab. 

ELEMENT CONC., ug/ml 
Ca, Mg, Na 10,000 
AI, Pb, Ni, TI, V, Zn 1000 
Ba, Be, Cd, Co, Cu, Mn, Ag, Sr 100 

8.3.2 Working ICP Spike Standard 1: In a 250 ml volumetric flask, dilute 25 ml of the 
stock ICP spike standard 1 to the mark with 12.5 mi conc. HCI, 5 mI conc. HNO 3  
and DI water. This prepares a standard of the following concentrations. Store 
this standard in the standards cabinet located in the metals instrument lab. 

ELEMENT CONC., ug/ml 
Ca, Mg, Na 1000 
A4, Pb, Ni, TI, V, Zn 100 
Ba, Be, Cd, Co, Cu, Mn, Ag, Sr 10 
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8.3.3 Stock ICP Spike Standard 2: Inorganic Ventures catalog #SIMA-SPIKE-2, or 
equivalent, contains the following constituents. Store this standard in the 
standards cabinet located in the metals instrument lab. 

ELEMENT CONC., ug/ml 
K 10,000 
Sb, As, B, Cr, Fe, Mo, P, Se, Si, S, 
Sn, Ti 

1000 

8.3.4 Working ICP Spike Standard 2: In a 250 ml volumetric flask, dilute 25 ml of the 
stock ICP spike standard 2 to the mark with 12.5 ml conc. HCI, 5 ml conc. HNO 3  
and DI water. This prepares a standard of the following concentrations. Store 
this standard in the standards cabinet located in the metals instrument lab. 

ELEMENT CONC., ug/ml 
K 1000 
Sb, As, B, Cr, Fe, ivto, P, Se, Si, S, 
Sn, Ti 

100 

8.3.5 MS: Add 1 ml of each of the working ICP spike solutions to a measured amount 
of sample to prepare the MS. This prepares a control sample with the following 
constituents. 

~. 	Non-aqueous MS„ '~.y  ~'.' 	a.- ,+,£,.- 4 
~'v, 	~'-,4•?a~-k'~#~ r`~r̀~'~ ,'." 

coiic ~' 

m9tl.?. 

~.~ ~~`n 	r,^~ Non a~eous Ms 	s~- 	z.t 
_ 	 U  .:."?:t`k: 	~ 	_.=.-:,x.. ~c~'~ ..,;-s~~'r 

conr 	" ~ 
x'; m  9 

Aluminum 2.0 Manganese 0.2 
Antimony 2.0 Molybdenum 2.0 
Arsenic 2.0 Nickel 2.0 

Barium 0.2 Potassium 20 
Beryllium 0.2 Selenium 2.0 
Boron 2.0 Silicon 2.0 
Cadmium 0.2 Silver 0.2 
Calcium 20 Sodium 20 
Chromium 2.0 Strontium 0.2 
Cobalt 0.2 Thallium 2.0 
Copper 0.2 Tin 2.0 
Iron 2.0 Titanium 2.0 
Lead 2.0 Vanadium 	' 	 ~ 2.0 
Magnesium 120 Zinc 2.0 

8.3.6 LCS: Environmental Resource Associates catalog #540 contains 28 elements at 
various concentrations. The certified values and acceptance criteria must be 
updated in the LIMS when a new lot number is used. Prepare this control 
sample in the same fashion as environmental samples, using a sample size 
appropriate for the concentrations in the standard (typically, between 0.25 and 1 g 
of standard is appropriate). Store this standard in the metals sample preparation 
area. 

9.0 SAMPLE COLLECTION, PRESERVATION, AND HOLDING TIMES 
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9.1 The client or other trained personnel collect samples. Samples received at the 
laboratory are considered representative unless otherwise noted. 

9.2 Thermal preservation consists of storage of the sample in the range of 0.1 — 6°C. 
Samples-are stored in the main walk-in cooler. 

9.3 Digestion must be performed within the maximum allowable hold time of 180 days 
from collection. 

10.0 QUALITY CONTROL 

10.1 An Initial Demonstration of Capability study must be performed by each analyst 
prior to unsupervised sample preparation and whenever substantial change has 
occurred in the procedure. Prepare four separate Laboratory Control Standards. 
These standards must be from a source different from that used for instrument 
calibration and taken through the entire analytical procedure. Submit the data to 
the QA department for evaluation. Refer to the Capability and Detection Limit 
Studies SOP for details. 

10.2 A Method Blank must be prepared with each batch of maximum 20 samples and at 
a minimum of one per day. 

10.3 A Laboratory Control Sample must be prepared with each batch of maximum 20 
samples and at a minimum of one per day. 

10.4 A Matrix Spike and Matrix Spike Duplicate must be prepared with each batch of 
maximum 20 samples and at a minimum of one per day. If insufficient sample is 
available for the preparation of the MS/MSD, a duplicate LCS (LCSD) or a MS on 
two separate samples must be prepared. 

11.0 CALIBRATION AND STANDARDIZATION 

11.1 Repipetters must be verified on a weekly basis. Details of this requirement and 
the procedure used to verify their operation are in the Calibration of Manual 
Repipefters SOP. 

11.2 Verify the operation of the digestion block. Temperature must be maintained in the 
range of 90 — 100°C. 

12.0 PROCEDURE 

12.1 Prior to use, rinse digestion vessels, graduated cylinders, funnels, filtration device, 
and watch glasses with 1:1 nitric acid and 3 rinses of DI water. 

12.2 Thoroughly mix and transfer approximately 1g of sample directly into a digestion 
vessel. 
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12.3 Using an Oxford Macro pipet under a fume hood, add 2.5 ml DI water and 2.5 ml 
conc. HNO 3  to the sample, in that order, and swirl to mix. 

12.4 Cover vessel with a ribbed watch glass and place in the digestion block for 15 
minutes. 

12.5 Cool the digestate to room temperature. 

12.6 Add 2.5 ml conc. HNO 3 , cover the sample with a ribbed watch glass, and place in 
the digestion block for 30 minutes. If a brown vapor appears within the 30 
minutes, this step must be repeated. If no brown vapor exists, allow the sample to 
digest for a minimum of one hour to a maximum of two hours. Do not allow the 
digestate to boil. Do not allow the vessel to go to dryness.. (Add a small amount of 
water if necessary.) If the vessel goes to dryness, the digestion must be started 
again with a new aliquot of sample. 

12.7 Cool the digestate to room temperature. 

12.8 Add 1 ml DI water and 1.5 ml 30% H 202 , cover the sample with a ribbed watch 
glass, and place in the digestion block until no further effervescence is apparent. 

12.9 Repeat the additions of 0.5 ml H ZOZ  followed by the heating until no further 
effervescence occurs or until a maximum of 5 ml H 2O2  is added. When the 
addition of H2O2  no longer causes ePFervescence, continue heating for a minimum 
of one hour to a maximum of two hours. Do not allow the digestate to boil. Do not 
allow the vessel to go to dryness. (Add a small amount of water if necessary.) 

12.10 Follow the next step(s) as appropriate depending on the method of analysis. 

12.10.1 (For GFAA analysis only) Allow the sample to cool to room temperature, dilute 
to 50 ml with DI water and filter the particulate matter. 

12.10.2 (For ICP or FLAA analysis only) Add 5 ml conc. HCI, cover with a ribbed watch 
glass, and place in the digestion block for 15 minutes. 

12.10.2.1 Cool the digestate to room temperature. 

12.10.2.2 Dilute the sample volume to 50 ml with DI water and filter the particulate 
matter. 

13.0 CALCULATIONS AND DATA HANDLING 

13.1 Sample preparation is documented on the Metals Digestion Log Sheet. 

13.2 Enter the preparation data in the LIMS. Details on the procedure for entering 
analytical data are in the Preparation Batch Data Entry SOP. 
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Not applicable. 

15.0 POLLUTION PREVENTION 

15.1 The quantity of chemicals purchased should be based on expected usage during 
their shelf life and the disposal cost of unused material. 

15.2 Prepare the minimum amounf of reagent and standard_necessary. 

16.0 WASTE MANAGEMENT 

16.1 Refer to the SIMALABS International  Sample Disposal  SOP for guidance on the 
disposal of any resulting residue, digestate, distillate, extract or standard. 

17.0 REFERENCES 

17.1 SW-846 Method 3050B 

17.2 SIMALABS International Quality Assurance Plan, current revision 

18.0 TABLES, FORMS, CHECKLISTS, AND OTHER ATTACHMENTS 
None 
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2.0 SC®PE AND APPLiCAT!®IV  

2.1 This is an Inductively Coupled Plasma — Atomic Emission Spectrometry procedure 
for the determination of various metal elements. This procedure is applicable to 
the analysis of digestates from aqueous, non-aqueous liquid, drinking water, and 
solid matrix samples. The applicable elements, MDLs and routine reporting limits 
(PQL) are listed in the table below. Lower PQLs may be reported upon client 
request. The "low level" test code is used to indicate this request. 

AnaFyte 	~ 	xa 	_~ 
~ 	 .t.:• 	 =,-1' 

MDL W I: 
mgfl  

PQL 	~ ,: 
mg/I ..." 

Aluminum 0.023 
Antimony 0.028 
Arsenlc 0.02 6  

Barium 0.002 

H0.2 

Beryllium 0.0004 
Boron 	- 0.009 
Cadmium 0.002 
Calcium 	 ~ 0.077 
Chromium 	 10.002 0.01 
Cobalt 0.002 0.01 
Copper 0.001  

Iron 	 . 0.140 0.05 

Lead 0.020 0.05 	. 
Magnesium 0.030 0.2 

Manganese 0.001 0.01 

Molybdenum 0.013 0.02 

Nickel 0.005 0.02 

Potassium 0.157 2 

Selenium 0.078 0.1 

Silicon 0.041 1 

Silver 0.003 0.01 
Sodium 0.199. 2 
Strontium 	 - 0.0009 0.01 

Thallium 0.134 0.2 

Tin 	- 0.029 0.1 
Vanadium 0.002 0.02 
Zinc 0.004 0.02 

3.0 SUMMARY  

3.1 Before analysis can take place, samples must be digested using appropriate 
preparation methods. Digestion is not required when analyzing dissolved 
constituents as long as samples are filtered and preserved with acid. 

3.2 An aerosol is created, through nebulization, and is transported to the plasma via a 
torch. The plasma places the elements in an atomic'state which, when excited, 
emit a light or spectra, which is specific to that particular element. A grating 
separates the spectra and the intensities of the lines are measured by either photo 
multiplier tubes or in this case, a charged injection device. That is, the wavelength 
of light determines the element, and the intensity of the light omitted determines 
concentration. 
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3.3 Background light intensity must be measured adjacent to the analyte lines during 
analysis. The position selected for background measurement is dependent upon 
the complexity of the spectrum adjacent to the analytical line. The position used 
must be free of spectral interference and reflect the same change in background 
intensity as occurs at the analyte wavelength measured. Background correction is 
not necessary when the analyte wavelength is broad and therefore may be 
degraded as a result of background correction. 

3.4 Although, ICP-AES is typically linear over multiple orders of magnitude, samples 
with concentrations greater than the high calibration standard for a given element 
should be diluted. Samples with concentrations greater than 90% of the linear 
dynamic range for a given element must be diluted. Digestates containing high 
Silver concentration should not be diluted, but should be redigested using a lesser 
sample size. 

3.5 Section 9.3.1 of EPA Method 200.7 revision 4.4 states, "When LRB values 
constitute 10% or more of the analyte Ievel determined for a sample or is 2.2 times 
the analyte MDL whichever is greater, fresh aliquots of the samples must be 
prepared and analyzed again for the affected analytes after the source of 
contamination has been corrected and acceptable LRB values have been 
obtained". Most of the reporting limits (PQL) for this procedure are well above 2.2 
times the MDL and meet the data quality objectives of the client. As such, 
evaluation of the Method Blank down to 2.2 times the MDL is unnecessary as MB 
concentrations below the PQL are typically insignificant with respect to a detected 
concentration in a sample. Section 10.9 of this SOP requires that blanks are less 
than the PQL. 

4.0 DEFINITIONS 

4.1 Accuracy— The degree of agreement of a measured value with the true or 
expected value of the quantity of concern (% recovery of a known spiked analyte). 

4.2 Aliquot — A measured portion of a sample, or solution, taken for sample preparation 
or analysis. 

4.3 . Analyte — The specific component measured in a chemical analysis. 

4.4 Analytical Batch —A group of samples which are analyzed, at the instrument level, 
together using the same method, reagents and apparatus within the same time 
period. Typically, these are samples with the same batch ID in the LIMS. 

4.5 Blank — An artificial sample designed to assess specific sources of laboratory 
contamination. There are several types of blanks, which monitor a variety of 
processes: 

• Calibration Verification Blank—An aliquot of the standard diluent (water or 
organic solvent) that is not carried through the sample preparation scheme. It 
is analyzed to verify that the analytical system is free from contamination. Also 
referred to as an instrument blank, ICB and CCB. 
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• Field Blank — blanks that are collected in the field and analyzed to determine 
the level of contamination introduced into the sample due to sampling 
technique. 

• Method Blank — An aliquot of lab pure water or solid matrix taken through 
sample preparation (when required) and analysis. It is a test for contamination 
in sample preparation and analyses. Also referred to as a Preparation or 
Procedural Blank. 

4.6 Bias — The deviation of a measured value from a known or accepted value due to 
matrix effects or method performance. Bias may be determined quantitatively to 
correct measured values. Bias may be positive or negative. 

4.7 Calibration —The establishment of an analytical curve based on the absorbance, 
response, emission intensity, or other measured characteristic of known standards. 
The calibration standards must be prepared using the same type and concentration 
of acids, solvents, or other solutions used in the sample preparation. 

4.8 Continuing Calibration Verification Standard (CCV) — A standard used to verify the 
continued acceptability of the initial calibration curve. A continuing calibration 
verification must be repeated at the beginning and end of each analytical batch and 
every 10-20 samples, whichever is more frequent depending on the method 
requirements. The concentrations of the continuing calibration verification standard 
shall be varied within the established calibration range. If an intemal standard is 
used, only one continuing calibration verification must be analyzed per analytical 
batch. 

4.9 Detection Limit — The smallest concentration/amount of some component of interest 
that can be measured by a single measurement with a stated level of confidence. 

• IDL — Instrument detection Iimit. A statistically determined detection limit used 
to estimate the instrument's sensitivity. The IDL is obtained by analyzing a 
minimum of seven consecutive blanks to assess the variability of the 
instrument. 

• MDL— Method detection limit. The minimum concentration of a substance that 
can be measured and reported with a 99% degree of confidence. MDLs are 
determined by analyzing a minimum of seven consecutive standards that have 
been processed through all preparatory steps. 

• PQL — The Practical Quantitation Limit is the lowest concentration that can 
reliably be achieved within specified limits of precision and accuracy during 
routine laboratory operating conditions. Typically, the PQL is a value in the 
range of 5- 10 times the MDL. This is the reporting limit and is also referred to 
as the Estimated Quantitation Limit (EQL). 

4.10 Initial Calibration Verification (ICV) — A standard used to verify the accuracy of 
calibration standards. Prepared from a second source than that of the calibration 
standards, its known value is measured against the calibration curve. This 
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determines the integrity of working standards. Also referred to as an external 
verification standard or check standard. 

4.11 Interference Check Standard (ICS) — Consisting of two standard solutions (A and 
AB), the ICS is analyzed to verify that correct background and interelement 
corrections are being applied. 

4.12 Holding Time —The maximum storage time allowed between sample collection and 
sample analysis when the designated preservation and storage techniques are 
employed. 

4.13 Laboratory Control Sample (LCS) — An aliquot of clean matrix (laboratory pure water 
or vendor supplied solid) spiked with target analytes or compounds representative of 
target analytes. The sample is carried through the entire analytical process and 
analyte recovery is used to monitor method performance. Also referred to as a 
laboratory fortified blank (LFB). 

4.14 Laboratory Control Sample Duplicate (LCSD) — An aliquot of clean matrix spiked 
with the identical amount(s) of target analyte(s) as the LCS. Results of the two 
spikes are used to assess both the bias and precision of a method with a given 
sample matrix. Also referred to as a laboratory fortified blank duplicate (LFB DUP). 

4.15 Matrix — The component or substrate which may contain the analyte of interest. 
Matrices are limited to the following: aqueous (includes extracts from the TCLP or 
other extraction procedure, groundwater, surtace water, and wastewater), drinking 
water (potable water and laboratory pure water), non-aqueous liquid (organic liquid 
having <15% settleable solids), and solid (includes sediment, sludge, and soil). 

4.16 Matrix Spike (MS) — An aliquot of a sample that is spiked with a known amount of 
target analyte(s). Recovery of the matrix spike, expressed as percent recovery, is 
used to assess the bias of a method in a given sample matrix. Also referred to as a 
laboratory fortified sample matrix (LFSM). 

4.17 Matrix Spike Duplicate (MSD) —An aliquot of the same sample used for the MS, 
spiked with the identical amount(s) of target analyte(s) as the MS. Results of the 
two spikes are used to assess both the bias and precision of a method with a given . 
sample matrix. Also referred to as a laboratory fortified sample matrix duplicate 
(LFSM DUP). 

4.18 Method of Standard Addition (MSA) — A method in which small increments of a 
substance under measurement are added to a sample to establish a response 
function, and by extrapolation, to determine the amount of the substance originally 
present in the sample. 

4.19 Percent Recovery — A measure of accuracy that is calculated as the measured 
value relative to the true value, expressed as a percent. 

%R = MV' 100 
rV 
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where: MV = measured value 
TV = true value 

4.20 Precision — The degree of mutual agreement characteristic-of independent 
measurements as the result of repeated application of the process under specified 
conditions. It is concerned with the comparability of results from duplicate or 
replicate analyses. (%RPD between the recoveries of two known analyte spikes, 
and %RSD between the recoveries of three or more measurements). 

4.21 Preparation Batch — A group of samples of similar composition which are prepared 
together using the same method, reagents and apparatus within a 24 hour calendar 
day or every 20 samples, whichever is more frequent. Typically, these are samples 
in the same batch ID iri the LIMS. 

4.22 Preservative — A reagent added to a sample, or an action used, to prevent or slow 
decomposition or degradation of a target analyte or a physical process. Thermal and 
chemical preservation may be used in tandem to prevent sample deterioration. 

4.23 Relative Percent Difference (% RPD) — Usetl to compare two values, the relative 
percent difference is based on the mean of the two values, and is reported as an 
absolute value, i.e., always expressed as a positive number or zero. (In contrast, 
see percent difference.) 

% RPD =  IX - YI  * 100 
(X + Y) / 2 

where: X = value 1 
Y = value 2 

4.24 Relative Standard Deviation (% RSD) — Used to compare more than two values, 
the relative standard deviation is based on the variance and the mean of the 
values, and is reported as an absolute value, i.e., always expressed as a positive 
number or zero. 

% RSD = s ' 100 
avg. 

where: s = standard deviatiori 
avg. = arithmetic average 

4.25 Sample —A portion of material supplied by the client for analysis. 

4.26 Sample Duplicate — Two aliquots of the same sample processed independently. This 
monitors precision of the analysis. Precision results are reported as relative percent 
difference (RPD). 

5.0 iNTERFERENCES 
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5.1 Spectral interFerences are caused by overlap of spectral lines from another 
element, unresolved overlap of molecular band spectra, background contribution 
from continuous or recombination phenomena and stray light from the line 
emission of high concentration elements. Spectral overlap can be compensated 
for by computer correction of the raw data after monitoring and measuring the 
interrering element. Unresolved overlap requires selection of an alternate 
wavelength. Background contribution and stray light can usually be compensated 
for by a background correction adjacent to the analyte line. Potential spectral 
interferences for recommended wavelengths have been documented but may 
differ for each instrument. Therefore; spectral interferences must be measured for 
a particular instrument by aspirating 100 mg/L of the interrering element in order to 
measure the false analyte concentration that can arise. A correction factor can 
then be calculated and stored in the computer for future corrections. For example, 
aspirating a 100 mg/L standard of Aluminum produces a false signal of 1.3 mg/L of 
Arsenic at the 193.696 line. Therefore, a correction factor can be used to 
compensate for this false signal. 

5.2 Physical interrerences are effects associated with the sample nebulization and 
transport processes. Samples containing high dissolved solids can cause 
inaccuracies. The addition of and correction for the Yttrium internal standard 
(ISTD) resolves this potential interference. The ISTD option automatically corrects 
the instrument values for the ISTD recovery. As this correction is automatic for 
each sample, there are no acceptance criteria for ISTD recovery. Dilution can also 
reduce these inaccuracies. 

5.3 . Chemical interFerences include molecular compound formation, ionization effects 
and solute vaporization effects. These effects are not significant with the ICP. 
They can be minimized by careful selection of operating conditions, by matrix 
matching and by standard addition. 

6.0 SAFETY 

6.1 Eye protection must be worn at all times while in the laboratory. 

6.2 Lab coats and gloves are recommended. Avoid direct contact with reagents, 
standards, and/or samples. 

6.3 Consult the Material Safety Data Sheets (MSDS) for each chemical used for 
information regarding fire hazard, toxicity, first aid, storage, disposal, spill 
procedures, and recommended protective equipment. 

6.4 Chemicals having the potential to produce toxic fumes must be handled in a fume 
hood. 

7.0 EQUIPMENT AND SUPPLIES 
The following is a list of materials needed to perForm the steps of this procedure as 
written. See the reference method(s) for equipment and supply specifications. 

7.1 AII volumetric glassware used shall be ASTM Class A. 
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72 Inductively coupled argon plasma emission spectrometer including a computer 
controlled emission spectrometer with background correction and a radio 
frequency generator. The software steps in sections 11.0 and 12.0 are specific to 
the software used on the Iris and Iris Advantage ICP-AES instruments. 

7.3 Liquid Argon 

7.4 Class A volumetric flasks 

7.5 Class A volumetric pipettes 

8.0 REAGENTS AND STANDARDS 

8.1 AII reagents used must be analytical reagent (AR) grade or higher. AII standards 
must be traceable to NIST, when available. Certificates of traceability must be 
obtained from the manufacturer. AII reagents and standards must be documented 
in the appropriate preparation logbook. Refer to the requirements in the Labeling 
of Standards, Reagents Digestates and Extracts  SOP. 

8.2 Reagents 

8.2.1 Lab pure water: ASTM Type II water is prepared as described in the Quality 
Assurance Plan. 

8.2.2 Hydrochloric acid, conc. (12N HCI): Metals grade. Store this reagent in the 
metals preparation lab. 

8.2.3 Nitric acid, conc. (18N HNO 3): Metals grade. Store this reagent in the metals 
preparation lab. " 

8.3 Standards 

8.3.1 Stock Yttrium Internal Standard, 1000 ug/ml: Spex 8-39Y-X or equivalent. Store 
this standard in the metals instrument lab. 

8.3.2 Working Internal Standard, 25 mg/I: In a 2L volumetric flask, dilute 50 ml of the 
stock internal standard to the mark with 100 ml conc. HCI, 40 ml conc. HNO 3 , 

and DI water. Store this standard in the metals instrument lab. 

8.3.3 - Stock Calibration Standards: Store these standards in the metals instrument lab. 
VENDOR CATALOG # ELEMENTS CONC., ug/mI 
CPI 4400-130317 Sb, Mo, Si, Sn 100 

CPI 4400-130316 

K, Na 1000 
AI, As, 8a, B, Cd, Ca, 
Cr, Co, Cu, Fe, Pb, 
Mg, Ni, TI, Se, V, Zn 

100 

Mn, Ag, Sr 10 
Be 2.5 
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8.3.4 Working Calibration Standard "10": In a 100 ml volumetric flask, dilute 10.0 ml of 
the stock calibration standards to the mark with 2.0 ml concentrated nitric acid, 
5.0 ml concentrated hydrochloric acid, and DI water. This standard is used for 
instrument calibration. Store this standard in the metals instrument lab. 

ELEMENTS CONC., ug/ml 
Sb, Mo, Si, Sn 10 
K, Na 100 
AI, As, Ba, B, Cd, Ca, 
Cr, Co, Cu, Fe, Pb, 
Mg, Ni, TI, Se, V, Zn 

10 

Mn, Ag, Sr 1.0 
Be 0.250 

8.3.5 Working Calibration Standard "5": In a 100 mI volumetric flask, dilute 5.0 ml of the 
stock calibration standards to the mark with 2.0 ml concentrated nitric acid, 5.0 
ml concentrated hydrochloric acid, and DI water. This standard is used for 
instrument calibration. Store this standard in the metals instrument lab. 

ELEMENTS CONC., ug/ml 
Sb, Mo, Si, Sn 5 
K, Na 50 
AI, As, Ba, B, Cd, Ca, 
Cr, Co, Cu, Fe, Pb, 
Mg, Ni, TI, Se, V, Zn 

5 

Mn, Ag, Sr 0.500 
Be  0.125 

8.3.6 Working Calibration Standard "2": In a 100 ml volumetric flask, dilute 2.0 ml of the 
stock calibration standard CPI 4400-130316 to the mark with 2.0 ml concentrated 
nitric acid, 5.0 mi concentrated hydrochloric acid, and DI water. This standard is 
used for calibrating the 249.3nm wavelength Iron line. Store this standard in the 
metals instrument lab. 

ELEMENTS 	CONC., ug/ml 
Fe 	 2 

8.3.7 ICP Standard "1": Prepared identical to "Working Calibration Standard 10", this 
solution is used to verify the calibration at the highest standard concentration. 
Store this standard in the metals instrument lab. 
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8.3.8 Stock Verification Standards: Store this standard in the metals instrument lab. 
VENDOR CATALOG # ELEMENTS CONC., ug/ml 

Inorganic 
Ventures 

QCP-CICV-1 

Ca, Mg, K, Na 2500 
AI, Ba 1000 
Fe 500 
Co, Mn, Ni, V, Zn 250 
Cu, Ag 125 
Cr 100 
Be 25 

Inorganic 
Ventures 

QCP-CICV-2 S 500 

Ventures 
QCP-CICV-3 , Pb, Se, TI 500 

250 

8.3.9 Stock Single Element Verification Standards: Obtain from an approved vendor. 
Na at 1000 ug/ml, B, Mo, Si and Sn at 10000 ug/ml, and Sr at 1000 ug/ml. 

8.3.10 Intermediate ICV/CCV Solution: Prepare the following dilutions using the various 
single-element stock standards diluted to 100 mi. Store this standard in the 
metals instrument lab. 

ELEMENTS STOCK 
CONC., ug/ml 

VOL.STOCK, 
ml 

FINAL 
CONC., ug/ml 

B, Mo, Si, Sn 10,000 5 500 
Sr 1000 10 100 

8.3.11 Working ICV Standard: In a 100 ml volumetric flask, combine and dilute 0.2 ml of 
the stock verification sta n d a rd s (8.3.8), 0.2 ml of the ICV/CCV solution (8.3.10), 
and 0.5 ml of the 1000 ppm Na standard (8.3.9) to the mark with 5 ml conc. HCI, 
2 ml conc. HNO3, and DI water. Store this standard in the metals instrument lab. 
This produces a second source verification standard of: 

ELEMENTS CONC., ug/ml 
Na 10 
Ca, Mg, K 5.0 
AI, Ba 2.0 
Fe, Sb, As, PE, Se, TI, 
B, Mo, Si, Sn 

1.0 

Co, Mn, V, Zn, Cd 0.5 
Cu, Ag 0.25 
Cr, Sr 0.20 
Be 0.05 

8.3.12 Working CCV Standard: In a 500 ml volumetric flask ;  combine and dilute 5.0 ml 
of the stock verification standards (8.3.8) and the ICVlCCV solution (8.3.10) to 
the mark with 25 ml conc. HCI, 10 ml conc. HNO 3, and DI water. Store this 
standard in the metals instrument lab. This produces a second source 
verification standard of: 
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ELEMENTS CONC., ug/ml 
Ca, Mg, K, Na 25 
AI, Ba 10 
Fe, Sb, As, Pb, Se, TI, 
B, Mo, Si, Sn 

5.0 

Co, Mn, V, Zn, Cd 2.5 
Cu, Ag 1.25 
Cr, Sr 1.0 
Be 0.25 

8.3.13 Stock Interferents A Standard: Contains AI, Ca, and Mg at 5000 ug/ml, and Fe at 
2000 ug/ml. Store this standard in the metals instrument lab. 

8.3.14 Stock Analytes B Standard: Spex #INT-B1 or equivalent contains Ag, Cd, Ni, Pb, 
and Zn at 100 ug/ml and Ba, Be, Co, Cr, Cu, Mn, and V at 50 ug/ml. Store this 
standard in the metals instrument lab. 

8.3.15 Stock Single-element Standards: Obtain from an approved vendor. Store these 
standards in the metals instrument lab. 

ELEMENTS CONC., ug/ml 
K, Na 10,000 
As, B, Mo, Sr, TI, Sb, 
Se 

1000 

8.3.16 Intermediate ICSAB Solution 1: In a 100 ml volumetric flask, dilute the various 
single-element stock standards (8.3.15) to the mark with 1 ml conc. HNO3 and DI 
water. Store this standard in the metals instrument lab. 

ELEMENTS STOCK VOL.STOCK, FINAL 
CONC., ug/ml ml CONC., ug/ml 

K, Na 10,000 10 1000 
As, B, Mo, Sr, TI, Sb, 1000 10 100 
Se 

8.3.17 Stock Single Element Tin Standard, 1000 ug/ml: Obtain from an approved 
vendor. Store this standard in the metals instrument lab. 

8.3.18 Intermediate ICSAB Solution 2, 100 ug/ml: In a 100 ml volumetric flask, dilute 10 
ml of the stock Sn standard (8.3.17) to the mark with 5 ml conc. HNO3  and DI 
water. Store this standard in the metals instrument lab. 

8.3.19 Working Interference Check Standard (ICSA): In a 500 ml volumetric flask, dilute 
50 ml of the stock Interferents A standard to the mark with 25 ml conc. HCI, 10 ml 
conc. HNO3, and DI water. This prepares an interference check standard of 500 
ug/mI AI, Ca, and Mg, and 200 ug/ml Fe. Store this standard in the metals 
instrument lab. 
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8.3.20 Working InterFerence Check Standard (ICSAB+): In separate 500 ml volumetric 
flasks, prepare the following dilutions diluted to volume with 25 ml conc. HCI, 10 
ml conc. HNO 3, and DI water. Store this standard in the metals instrument Iab. 

STANDARD VOL. FINAL 
STANDARD, CONC., ug/ml 
ml 

Stock Interferents A 50 AI, Ca, Mg @ 
500; Fe @ 200 

StockAnalytes B 5 Ag, Cd, Ni, Pb, 
Zn @ 1; Ba, 
Be, Co, Cr, Cu, 
Mn, V @ 0.5 

Intermediate ICSAB 5 K, Na @ 10; 
Solution 1 Sb, As, B, Mo, 

Se, Sr;  TI @ 1 
Intermediate ICSAB 5 Sn @ 5 
Solution 2 
Stock Single Element 2 K, Na @ 40; TI 
Standards (K and Na @ 4 
at 10000, TI at 1000) 

'NOTE: The final concentration of K and Na is 50 
ug/ml, and 5 ug/ml for TI. 

8.3.21 LCS/MS: When prepared as detailed in the preparation SOPs, the final 
concentrations are listed below. For solids samples, the vendor supplies the final 
concentration of the LCS. The spiked concentrations are listed in the Specs tab 
of the appropriate test code. 

' 	a'-r '~:~ AquequsEGS}MS 	: 	, 
.<~..~h K 3~. J'  ~z 

CoPC 	-~ 
Y' 

,t.̀'. 	~ 	f 	AqueousLC5/MS 	~ 	~ '-~t 
~~i#^."i.'3 

~ ..39 f ✓̀ 1 	`'tYfA 	fni t i~ 	- ."'n.- 
conc 	̀~ " 

~ 'i-  

Aluminum 2 Manganese 0.5 

Antimony 0..5 Molybdenum 0.4 

Arsenic 2 Nickel 0.5 

Barium 2 Potassium 20 

Beryllium 6.o5 Selenium 2 

Boron 0.4 Silicon 0.4 

Cadmium 0.05 Silver 0.05 

Calcium 20 Sodium 20 

Chramium 	 - 0.2 Strontium 0.4 

Cobalt 0.5 Thallium 2 

Copper 0.25 Tin 0.5 

Iron  i Titanium 0 

Lead 0.5 Vanadium 0.5 

Magnesium 20 Zinc 0.5 

9.0 SAMPLE COLLECTION, PRESERVATION, AND HOLDING TIMES  

9.1 The client or other trained personnel collect samples. Samples received at the 
laboratory are considered representative unless otherwise noted. 
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9.2 ~Water samples should be collected in a plastic container. Chemical preservation 
consists of HNO 3  to pH <2 for water samples only. Samples are stored orn the 
shelves in the metals preparation lab. Prior to sample preparation, samples must 
be held for a minimum of 16 hours after preservation. Solid samples should be 
retained at 4°C until prepared and are stored in the main Walk-in Cooler. 
Digestates are stored in plastic sample cups with lids or capped digestion tubes, 
and are placed in the metals instrument lab for analysis. 

9.3 Analysis must be performed within the maximum allowable hold time of 6 months 
from collection. 

10.0 QUALITY CONTROL 

10.1 An Initial Demonstration of Capabi/ity study must be perfbrmed prior to the initial 
analysis for each analyst and whenever substantial change has occurred in the 
procedure or instrument. Analyze four separate standards prepared in the range 
of 8-10 times the method detection limit listed in section 2.1. These standards 
must be from a source different from that used for calibration and taken through 
the entire analytical procedure. Submit the data to the QA department for 
evaluation. Refer to the  Capability and Detection Limit Studies  SOP for details. 

10.2 An Instrument Detection Limit study must be performed for each new procedure, 
annually thereafter, and whenever a change in instrument occurs. Analyze a 
minimum of seven (maximum of ten) calibration blanks. Submit the data to the QA 
department for evaluation. Refer to the  Capability and Detection Limit Studies  
SOP for details. 

10.3 A Method Detection Limit study must be performed for each new procedure, 
annually thereafter, and whenever a change in instrument occurs. Analyze a 
minimum of seven (maximum of ten) standards prepared in the range of 2-5 times 
the method detection limit listed in section 2.1 or an estimated detection limit. 
These standards must be taken through the entire analytical procedure. Submit 
the data to the QA department for evaluation. 

10.4 A Linear Dynamic Range study must be performed on an annual basis. Analyze a 
series of standards in increasing concentration (i.e. 50 mg/I, 100 mg/I, 150 mg/I, 
etc.). The LDR is defined as the concentration at which the recovery varies by 
more than 10% from the true value. Refer to the  Capability and Detection Limit  
Studies  SOP for details. 

10.5 Analysis of the High Calibration Standard (ICP Standard 1) must be analyzed 
immediately after calibration. Acceptance criteria are 90.0 — 110% recovery. If 
acceptance criteria are not met, reanalyze. I,f reanalysis fails to meet the 
acceptance criteria, stop analysis and recalibrate. 

10.6 An Initial Calibration Verification (ICV) Standard must be analyzed immediately 
after verification with the high calibration standard: Acceptance criteria are 95.0 — 
105% recovery for Method 200.7 and 90.0 —110% recovery for Method 6010B. If 
acceptance criteria are not met, reanalyze. If reanalysis fails to meet the 
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acceptance criteria, stop analysis and recalibrate. Samples associated with a 
verification that fails with positive bias can be reported if the sample concentration 
is a non-detect. The LIMS will flag all failed ICV recoveries with a"S" qualifier. 

10.7 An Initial Calibration Blank (ICB) sample must be analyzed after the ICV. The 
acceptance criteria are the absolute value of the blank less than the absolute value 
of the PQL. If the acceptance criteria are not met, reanalyze. If reanalysis fails to 
meet the acceptance criteria, stop analysis and recalibrate. If the blank does not 
meet the acceptance criteria, all samples < PQL or greater than 10 times the blank 
contamination may be reported. AII other environmental samples must be 
reanalyzed. If insufficient sample or hold time is available for reanalysis, report the 
data with a"B" qualifier as defined in the LIMS. 

10.8 The Interference Check Standards (solutions A and AB+) must be analyzed at the 
beginning and end of each analytical batch. Acceptance criteria for the ICSA are 
80.0 — 120% recovery for AI, Ca, Mn and Fe, and <PQL for the other elements. 
Acceotance criteria for the ICSAB+ are 80.0 — 120% recovery for all spiked 
elements. If acceptance criteria are not met, reanalyze. If reanalysis fails to meet 
the acceptance criteria, stop analysis and recalibrate or report data with an 
appropriate qualifier. Samples associated with a verification that fails with positive 
bias can be reported if the sample concentration is a non-detect or if there are no 
interfering elements measured in the sample. The LIMS will flag all failed ICS 
recoveries with a "S" qualifier. 

10.9 A Method Blank must be analyzed with each batch of maximum 20 samples and at 
a minimum of one per 24-hour calendar day. Acceptance criteria are < PQL. If 
the acceptance criteria are not met, reanalyze. If reanalysis fails to meet the 
acceptance criteria, stop analysis, recalibrate and reanalyze. If the blank does not 
meet the acceptance criteria, all samples < PQL or greater than 10 times the blank 
contamination may be reported. `AII other environmental samples must be 
redigested and analyzed. If insufFicient sample or hold time is available for 
reanalysis, report the data with a"B" qualifier as defned in the LIMS. NOTE: See 
section of this SOP for additional information regarding the MB criteria. 

10.10A Laboratory Control Sample must be analyzed with each batch of maximum 20 
samples and at a minimum of one per 24-hour calendar day. Acceptance criteria 
are 85.0 —115% recovery for waters and the vendor supplied recovery limits for 
solids (which are identified within the test code in the LIMS). Only the elements of 
interest must meet this criteria. If the acceptance criteria, stop analysis, recalibrate 
and reanalyze. If the LCS fails with high bias, samples having a non-detectable 
concentration may be reported. If reanalysis fails to meet the acceptance criteria 
all environmental samples must be reprepared and analyzed. If insufficient 
sample or hold time is available for reanalysis, report the data with a"S" qualifier 
as defined in the LIMS. 

10.11 A Continuing Cafibration Verification (CCV) Standard must be analyzed 
immediately after every ten samples and after the last sample. Acceptance criteria 
are 90.0 —110% recovery. If acceptance criteria are not met, reanalyze. If 
reanalysis fails to meet the acceptance criteria, stop analysis and recalibrate. 
Samples associated with a verification that fails with positive bias can be reported 
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if the sample concentration is a non-detect. The LIMS will flag all failed CCV 
recoveries with a "S" qualifier. 

10.12A Continuing Calibration Blank (CCB) sample must be analyzed with every CCV. 
The acceptance criteria are the absolute value of the blank less than the absolute 
value of the PQL. If the acceptance criteria are not met, reanalyze. If reanalysis 
fails to meet the acceptance criteria, stop analysis and recalibrate. If the blank 
does not meet the acceptance criteria, all samples < PQL or greater than 10 times 
the blank contamination may be reported. AII other environmental samples must 
be reanalyzed. If insuffcient sample or hold time is available for reanalysis, report 
the data with a"B" qualifier as defined in the LIMS. 

10.13A Matrix Spike and Matrix Spike Duplicate sample must be analyzed with each 
batch of maximum 10 samples and at a minimum of one.per day. Acceptance 
criteria for accuracy are 70.0 — 130 %R: Acceptance criteria for precision are < 
20.0% RPD (waters) and < 30.0% RPD (solids). Either the MS or MSD must meet 
the accuracy criteria. If the accuracy or precision criteria are not met, reanalyze. If 
reanalysis fails to meet the accuracy criteria only, perform and evaluate a PDS on 
that sample. If not acceptable, the sample and its MSlMSD must be reprepared 
and analyzed. If the precision criteria are not met, all samples in that batch must 
be reprepared and analyzed. If insufficient sample or hold time is available for 
reanalysis, report the data with a"S" qualifler (for accuracy failure) or a"R" 
qualifier (for precision failure) as appropriate. If insufficient sample is available for 
the preparation of a MS/MSD, a MS on two separate samples or a LCSD may be 
performed to provide for precision assessment. 

10.14A Post Digestion Spike can be analyzed on any sample to evaluate the potential of 
matrix interference. Acceptance criteria are 85.0 — 115% recovery for Method 
200.7 and 75.0 — 125% recovery for Method 6010B. Use the recovery data to help 
evaluate arly bias as detailed in the MS/MSD Corrective Action Flowchart. The 
LIMS will flag all failed PDS recoveries with a"S" qualifier. 

10.15A Serial Dilution can be analyzed on any sample to evaluate the potential of matrix 
interference. Acceptance criteria for a 1:5 dilution are < 10% difference between 
the original and the diluted sample concentration. If acceptance criteria are not 
met, another serial dilution of a different factor (e.g. 1:10) may be analyzed. The 
LIMS will flag all failed SD recoveries with a"R" qualifier. 

11.0 CALIBRATION AND STANDARDIZATION 

11.1 Perform the required preventative maintenance as necessary. This includes a 
daily check.of the autosampler components, a monthly changing of the tubing, and 
a semi-annual cleaning of the filters. Gas flow checks, and nebulizer cleanings are 
conducted as needed. AII preventative maintenance is documented in the 
appropriate PM logbook. 

11.2 A new calibration must be performed for each analytical batch. The calibration, 
QC samples and environmental samples are linked together through the 
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autosampler/run table number, which is printed on each page of the instrument 
printout. Instrument printouts are retained in chronological order. - 

11.3 Follow the steps in section 12.0, below. Unless you are running an unattended 
autosampler batch of samples, verify that the initial quality control (ICV, ICB, ICS) 
is acceptable before continuing with sample analysis. Analysis of environmental 
samples cannot proceed without the generation of an acceptable calibration. A 
typical sequence follows the order of Calibration, High Cal Standard (ICP Standard 
1), ICV, ICB, ICSA, ICSAB+, up to 10 batch/matrix QC samples and environmental 
samples, CCV, CCB, etc. 

12.0 PROCEDURE 

12.1 Typical Calibration and Analysis 

12.1.1 Make certain that the hoods are turned on and the waste buckets are empty. 

12.1.2 Turn on the computer and the printer. 

12.1.3 Turn on the instrument and the autosampler. 

12.1.4 Open the Thermospec software and click the "flame" icon. 

12.1.5 Click the Reset Controller button to perform a hard reset of the camera and the 
instrument. 

12.1.6 Verify that the pump tubing cassettes are locked and that there is rinse water in 
the rinse station. 

12.1.7 Click the Ignite button and then click OK to ignite the torch. 

12.1.8 After the torch is lit, check the flow of the rinse water, internal standard and 
sample lines. Adjust as necessary to obtain a smooth flow. (The pump is not a 
variable speed pump, so the flow needs to only be smooth). 

12.1.9 Allow the instrument a minimum of 30 minutes to warm up before calibration. 

12.1.10 Click Method (at the top of the screen) and open the appropriate method. 

12.1.11 Set up the Autosampler tray. 

12.1.11.1 To set up the autosampler tray, click Run then choose the Automated 
Analysis option. 

12.1.11.2 Click Samples then the Test Tube + icon. 
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12.1.11.3 Enter the sample number in the Sample Name field. In the field labeled Lab 
ID, enter in the sample type (e.g. MBLK, LCS, SAMP, MS). In the Cust Samp 
ID field, enter the test code for that sample. The "200.7" series of test codes 
should be used for the instrument and batch QC samples as the 200.7 series 
has more stringent acceptance criteria. NOTE: the information entered in 
these fields must be exactly as in the LIMS otherwise the automated data 
transfer will not work properly. 

12.1.11.4 Click,Done when finished entering the information for this sample and 
continue entering the information for the remainder of the run. 

12.1.11.5 When all samples have been added to the autosampler tray, click Save. 

12.1.11.6 Click Samples (at the top of the screen) and save the autosampler tray 
named in a format that identifies the instrument and date of that tray. (For the 
Iris, ICP #1, name the file Immdd-*, where the "I" signifies ICP #1, mm is the 
month, dd is the date, and * is a number or letter indicating the sequential 
number of the run for that day. That is —1 or —A indicates the first tray of the 
day, -2 or —B indicates the second run of that day, etc. For the Iris 
Advantage, ICP #2, name the file in the format of Ammo-*). 

12.1.12 Close the Samples box. 

12.1.13 Click the New button on the Automated Analysis screen. 

12.1.14 Click the Autosampler + icon and, using the drop down menus, set the Protocol 
to Complete. 

12.1.15 Choose the appropriate method (step 12.10) and autosampler tray number 
(step 12.11.6) for the autosampler run. Change the rinse time to 55 seconds 
then click OK. 

12.1.16 Click Table (at the top of the screen) and save it with the same name as the 
autosampler tray (12.11.6). 

12.1.17 Click Run (at the top of the screen), Setup, and then the diamond shaped icon 
next the "Samples". This will show the autosampler locations of the standards 
and samples. Print this list. 

12.1.18 Load the standards and samples into the appropriate locations on the 
autosampler. 

12.1.19 Click OK then Run to begin tFie analysis. 

12.2 Reprofiling the Instrument 

12.2.1 The instrument profile must be re-established if it is lost during sample analysis. 
Profile the instrument by performing the following steps. 
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12.2.2 Aspirate the working calibration standard "10". 

12.2.3 Click "Instrument" at the top of the screen then choose Auto Peak Adjust followed 
by Run. The instrument will search for the wavelengths listed in the method and 
verify their mapping. 

12.2.4 When this search is finished, any wavelengths not found will be shown on the 
screen. Write these elements and wavelengths on a piece of paper. 

12.2.5 Map any missing wavelengths by clicking "Instrument" at the top of the screen 
then choosing Research. 

12.2.6 On the f2esearch screen, choose Image followed by New. and aspirate the 
working calibration standard "10". 

12.2.7 Change the sample flush time to 40 seconds and choose Run. 

12.2.8 After the standard has been analyzed, a map will appear on the screen. Choose 
"Add Maps" on the toolbar at the top of the screen. 

12.2.9 Select the element to correct. Squares will appear on the map you created 
showing the wavelengths for the element you have chosen. Find the particular 
wavelength you are looking for and observe where it is in relation to the peak that 
was found. Move the square position to that peak by pressing.the Ctrl key and 
doing a left-click on the mouse. Repeat this step for all other missing 
wavelengths. 

12.2.10 When all wavelengths have been correctly mapped, perform another Auto 
Peak Adjust. This Auto Peak Adjust and mapping process must be repeated 
until all wavelengths are automatically found. 

12.2.11 Calibrate the instrument calibration as described above. 

13.0 CALCULATIONS AND DATA HANDLING 

13.1 After review, enter final results into the LIMS system: Results flagged by the LIMS 
with an "E" qualifier are above the linear range of the instrument. There is less 
certainty in these data and, if sufficient sample and holding time are available, 
should be reanalyzed at an appropriate dilution. Details on the procedure for 
entering analytical data are in the Data Entry SOP. 
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13.2 The instrument calculates the sample concentration using linear regression based 
on the calibration curve and the following calculation: 

Concentration, ppm =(instrument reading, mg/1) (V f) (DF) / SS 

where: 	Vf  = final digested volume, ml 
DF = dilution factor 
SS = sample size digested, ml or g 

13.3 The LIMS calculates the dry-weight concentration for solid samples as follows: 

Conc. Dry =  (wet weight conc.)  
(100 - %Moisture) 

14.0 METHOD PERFORMANCE 

14.1 See section 18.0 for Initial Demonstration of Capability data. Method Detection 
Limits are listed in section 2.1. 

15.0 POLLUTION PREVENTION 

15.1 The quantity of chemicals purchased should be based on expected usage during 
their shelf life and the disposal cost of unused material. 

15.2 Prepare the minimum amount of reagent and standard necessary. 

16.0 WASTE MANAGEMENT 

16.1 Refer to the SIMALABS International  Sample Disposal  SOP for guidance on the 
disposal of any resulting residue, digestate, distillate, extract or standard. 

17.0 REFERENCES 

17.1 USEPA Method 200.7, revision 4.4 

17.2 SW-846 Method 6010B 

17.3 SIMALABS International Quality Assurance Plan, current revision 

17.4 SIMALABS International SOP  Preparation of  
Total Metals Analysis by Inductively Coupled 

	
rNY 

Spectroscopy , current revision 

Extracts for 

17.5 SIMALABS International SOP  Preparation of Non-Aqueous Samples and Extracts  
for Total Metals Analysis , current revision 
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17.6 SIMALABS International SOP 
	

tq Procedurefor 
Metals and Semi-Volatile Org< 
current revision 

18.0 TABLES, FORMS, CHECKLISTS, AND OTHER ATTACHMENTS 
A typical IDC study will yield data similar to: 

Analyte Spiked 
Value 

Average 
%R 

%R 
Criteria 

%RSD RSD 
Criteria 

Aluminum 2 95.6 80-120 1.34 20 
Antimony 0.5 105 80-120 1.49 20 
Arsenic 2 99.3 80-120 1.02 20 

Barium 2 102 80-120 0.55 20 

Beryllium 0.05 91.1 80-120 0.85 20 
Boron 0.4 97.5 80-120 1.54 20 

Cadmium 0.05 93.4 80-120 1.08 20 
Calcium 20 98.3 80-120 0.73 20 
Chromium 0.2 101 80-120 0.30 20 
Cobalt 0.5 103 80-120 0.96 - 	20 
Copper 0.25 100 80-120 - 	0.80 20 

Iron 1 105 80-120 2.31 20 

Lead 0.5 103 80-120 1.75 20 

Magnesium 20 104 80-120 0.89 20 
Manganese 0.5 100 80-1201 0.65 20 

Molybdenum 0.4 104 80-1201 2.24 20 
Nickel 0.5 100 80-120 0.271 20 

Potassium 20 95_5 80-120 1.10 20 
Selenium 2 109 80-120 0.55 20 

Silicon 1 	0.4 110 80-120 2.07 20. 

Silver 0.05 82.1 80-120 1.99 20 
Sodium 20 98.3 80-120 1.45 20 
Strontium 0.4 99.2 80-120 0.80 20 
Thallium 2 155 80-120 1.43 
Tin 0.5 106 SD-120 2.90 

Vanadium 0.5 99.5 80-120 0.85 

A20 

 

Zinc 0.5 ~ 	 104 80-120 0.70 
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BY EPA METHOD 245.1 AND SW-846 METHODS 7470A/7471A 

Originating Author: Jeff Loewe 
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This SOP is effective upon signed approval by the following: 

Unit Su rvisor 	 Date 

Date 

DISCLAIMER: This SOP has been developed for use at the SIMALABS 
International, Merrillville, Indiana facility. It is intended for use by trained analysts. 
As written, this SOP may not be specifically applicable to the activities of other 
organizations. 
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2.0 SCOPE AND APPLiCATfON 

2.1 This is a cold vapor procedure for the determination of inercury. This procedure is 
applicable to the analysis of aqueous, non-aqueous liquid, drinking water, and 
solid matrix samples. The routine reporting limits (PQL) are 0.2 ug/I and 10 ug/g. 

3.0 SUMMARY 

3.1 The mercury is reduced to the elemental state through digestion with acids and 
oxidizers. The digestate is aerated from solution in a closed system. The mercury 
vapor passes through a cell positioned in the light path of an atomic absorption 
spectrophotometer. Absorbance of the mercury vapor at 253.7-nm is measured as 
a function of inercury concentration. 

3.2 The linear working range is 0.2 —10 ug/I. 

3.3 The preparation of the stannous chloride solution deviates from the reference 
method. EPA method 245.1 requires the use of sulfuric acid (H 2SO4) which results 
in a turbid solution. This turbidity adversely effects the performance of the 
analyzer. The use of hydrochloric acid (HCI), however, produces a clear solution, 
increases the stability of the solution, and produces resutts of equal quality, as 
seen in the IDL, MDL, and QC sample analyses. 

4.0 DEFINBTIONS 

4.1 Accuracy — The degree of agreement of a measured value with the true or 
expected value of the quantity of concern (% recovery of a known spiked analyte). 

4.2 Aliquot — A measured portion of a sample, or solution, taken for sample preparation 
or analysis. 

4.3 Analyte — The specific component measured in a chemical analysis. 

4.4 Analytical Batch — A group of samples which are analyzed, at the instrument level, 
together using the same method, reagents and apparatus within the same time 
period. Typically, these are.samples in the same run ID in the LIMS. 

4.5 Blank — An artificial sample designed to assess specific sources of laboratory 
contamination. There are several types of blanks, which monitor a variety of 
processes: 

® Calibration Blank — An aliquot of the standard diluent (water or organic solvent) 
that is not carried through the sample preparation scheme. It is analyzed to 
verify that the analytical system is free from contamination. Also referred to as 
an instrument blank or solvent blank. 

Page 3 of 17 
E:\Policies  and Procedures (SOPs)\Technical OperationsVvletals\SOPs-SIMALABS\24574710ETAC(2).doc 



SOP ID: 245-74710ETAC(2) 
Revision: 2 

Revised Date: 3/29/2002 

• Method Blank — An aliquot of lab pure water taken through sample preparation 
(when required) and analysis. It is a test for contamination in sample 
preparation and analyses. Also referred to as a Procedural Blank. 

4.6 Bias —The deviation of a measured value from a known or accepted value due to 
matrix effects or method performance. Bias may be determined quantitatively to 
correct measured values. Bias may be positive or negative. 

4.7 Calibration — The establishment of an analytical curve based on the absorbance, 
response, emission intensity, or other measured characteristic of known standards. 
The calibration standards must be prepared using the same type and concentration 
of acids, solvents, or other solutions used in the sample preparation. 

4.8 Continuing Calibration Verification Standard (CCV) —A standard used to verify the 
continued acceptability of the initial calibration curve. A continuing calibration 
verification must be analyzed after every 10 and the last environmental sample. The 
concentration of the continuing calibration verification standard shall be varied from 
the concentration of the initial calibration verification standard 

4.9 Detection Limit — The smallest concentration/amount of some component of interest 
that can be measured by a single measurement with a stated level of confidence. 

IDL— Instrument detection limit. A statistically determined detection limit used 
to esfimate the instrument's sensifivity. The IDL is obtained by analyzing 
seven consecutive blanks to assess the variability of the instrument. 

• MDL — Method detection limit. The minimum concentration of a substance that 
can be measured and reported with a 99% degree of confidence. MDLs are 
determined by analyzing a minimum of seven consecutive standards that have 
been processed through aIl preparatory steps. 

• PQL —The Practical Quantitation Limit is the lowest concentratfon that can 
reliably be achieved within specified Iimits of precision and accuracy during 
routine laboratory operating conditions. Typically, the PQL is a value in the 
range of 5- 10 times the MDL. This is the reporting limit and is also refen -ed to 
as the Estimated Quantitation Limit (EQL). 

4.10 Initial Calibration Verification (ICV) — A standard used to verify the accuracy of 
calibration standards. Prepared from a second source than that of the calibration 
standards, its known value is measured against the calibration curve. This 
determines the integrity of working standards. Also referred to as an external 
verification standard or check standard. 

4.11 Holding Time —The maximum storage time allowed between sample collection and 
sample analysis when the designated preservation and storage techniques are 
employed. 

4.12 Laboratory Control Sample (LCS) — An aliquot of clean matrix (lab pure water or 
vendor supplied solid) spiked with target analyte. The sample is carried through the 
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entire analytical process and analyte recovery is used to monitor method 
perFormance. Also referred to as a laboratory fortified blank (LFB). 

4.13 Laboratory Control Sample Duplicate (LCSD) —An aliquot of clean matrix (lab pure 
water or vendor supplied solid) spiked with the identical amount of target analyte as 
the LCS. Results of the two spikes are used to assess both the bias and precision 
of a method with a given sample matrix. Also referred to as a laboratory fortified 
blank duplicate (LFB DUP). 

4.14 Matrix — The component or substrate which may contain the analyte of interest. 
Matrices are limited to the following: aqueous (includes extracts from the TCLP or 
other extraction procedure, groundwater, surface water, and wastewater), drinking 
water (potable water and laboratory pure water), non-aqueous liquid (organic liquid 
having <1 S% settleable solids), and solid (includes sediment, sludge, and soil). 

4.15 Matrix Spike (MS) — An aliquot of a sample that is spiked with a known amount of 
target analyte(s). Recovery of the matrix spike, expressed as percent recovery, is 
used to assess the bias of a method in a given sample matrix. Also referred to as a 
laboratory fortified sample matrix (LFSM). 

4.16 Matrix Spike Duplicate (MSD) —An aliquot of the same sample used for the MS, 
spiked with the identical amount(s) of target analyte(s) as the MS. Results of the 
two spikes are used to assess both the bias and precision of a method with a given 
sample matrix. Also referred to as a laboratory fortified sample matrix duplicate 
(LFSM DUP). 

4.17 Percent Recovery — A measure of accuracy that is calculated as the measured 
value relative to the true value, expressed as a percent. 

%R=MV*100 
lV 

where: MV = measured value 
TV = true value 

4.18 Precision — The degree of mutual agreement characteristic of independent 
measurements as the result of repeated application of the process under specified 
conditions. It is concerned with the comparability of results from duplicate or 
replicate analyses. (%RPD between the recoveries of two known analyte spikes, 
and %RSD between the recoveries of three or more measurements). 

4.19 Preparation Batch — A group of samples of similar composition which are prepared 
together using the same method, reagents and apparatus within a 24 hour calendar 
day or every 20 samples, whichever is more frequent. Typically, these are samples 
in the same batch ID in the LIMS. 

4.20 Preservative — A reagent added to a sample, or an action used, to prevent or slow 
decomposition or degradation of a target analyte or a physical process. Thermal and 
chemical preservation may be used in tandem to prevent sample deterioration. 
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4.21 Relative Percent Difference (% RPD) — Used to compare two values, the relative 
percent difference is based on the mean of the two values, and is reported as an 
absolute value, i.e., always expressed as a positive number or zero. (In contrast, 
see percent difference.) 

%RPD= 1X-YI `100 
(X + Y) / 2 

where: X = value 1 
Y = value 2 

4.22 Sample — A portion of material to be analyzed. 
• Environmental sample — sample supplied by the client for analysis. 
• QC sample — sample prepared in the lab analyzed to "assess the 

bias/precision of the analytical system. 

5.0 INTERFERENCES 

5.1 Potassium permanganate is added to eliminate possible interFerence from sulfide. 
Concentrations as high as-20 mg/I of sulfide as sodium sulfide do not interFere with 
the recovery of added inorganic mercury from reagent water. 

5.2 Copper has also been reported to interfere, however, copper concentrations as 
high as 10 mg/I had no effect on recovery of inercury from spiked samples. 

5.3 Seawaters, brines, and industrial effluents high in chlorides require additional 
permanganate (as much as 25 ml) because, during the oxidation step, chlorides 
are converted to free chlorine, which also absorbs radiation of 253.7 nm. Care 
must be taken to ensure that free chlorine is absent before the mercury is reduced 
and swept into the cell. This may be accomplished by using an excess of 
hydroxylamine sulfate reagent (25 ml). 

5.4 Certain volatile organic materials that absorb at this wavelength may also cause 
interference. A preliminary run without reagents should determine if this type of 
interference is present. 

6.0 SAFETY 

6.1 Eye protection must be worn at all times while in the laboratory. 

6.2 Lab coats and gloves are recommended. Avoid direct contact with reagents, 
standards, and/or samples. 

6.3 Consult the Material Safety Data Sheets (MSDS) for each chemical used for 
information regarding fire hazard, toxicity, first aid, storage, disposal, spill 
procedures, and recommended protective equipment. 
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6.4 Chemicals having the potential to produce toxic fumes must be handled in a fume 
hood. 

7.0 EQUIPMENT AND SUPPLIES 

7.1 AII volumetric glassware used shall be ASTM Class A. 

7.2 Digestion block capable of maintaining 95°C (digestion block may not be used for 
the digestion of samples applicable to North Carolina certification) 

7.3 Water bath capable of maintaining 95 °C (used only for samples applicable to North 
Carolina certification) 

7.4 Plastic digestion tubes, Environmental Express Catalog #SC475 

7.5 CETAC M6000A Mercury analyzer 

8.0 REAGENTS AND STANDARDS 

8.1 AII reagents used must be analytical reagent (AR) grade or higher. AII standards 
must be traceable to NIST. Certificates of traceability must be obtained from the 
manufacturer. AII reagents and standards must be documented in the appropriate 
preparation logbook. Refer to the requirements in the  Labeling of Standards,  
Reagents, Digestates and Extracts  SOP. 

8.2 Reagents 
AII reagents are stored in the metals preparation lab unless otherwise noted. 

8.2.1 Lab pure water: Analyte free water is prepared as described in the Cluality 
Assurance Plan. 

8.2.2 Hydrochloric acid, concentrated HCI 

8.2.3 Nitric acid, concentrated HNO3  

8.2.4 Sulfuric acid, concentrated H 2SO4  

8.2.5 Aqua regia: Mix 3 parts of conc. HCI and 1 part conc. HNO 3. CAUTION: This 
solution is very corrosive. Handle with care. Prepare this reagent immediately 
before use. 

8.2.6 Potassium persulfate, K2S208: Fisher catalog #P282-500 or equivalent. 

8.2.7 Potassium persulfate reagent: In a 1 L volumetric flask, dissolve and dilute 50g 
K2S208  to the mark with DI water. 

8.2.8 Potassium permanganate, KMn0 4: Fisher catalog #P279-212 or equivalent. 
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8.2.9 Potassium permanganate reagent: In a 1 L volumetric flask, dissolve and dilute 
50g KMn04  to the mark with DI water. 

8.2.10 Sodium chloride, NaCI: Fisher catalog #S271-3 or equivalent. 

8.2.11 Hydroxylamine hydrochloride, NH 2OH'HCI: Fisher catalog #H330-1 or equivalent. 

8.2.12 Sodium chloride - hydroxylamine hydrochloride reagent: In a 500-m1 volumetric 
flask, dissolve and dilute 60g NaCI and 60g NH 20H'HCI to the mark with DI 
water. 

8.2.13 Stannous chloride, SnC12H 2O: Fisher catalog #T142-500 or equivalent. 

8.2.14 Stannous chloride reagent: In a 1L volumetric flask, dissolve 100g SnCI'2H 2O in 
70-m1 conc. HCI. When completely dissolved, dilute to the mark with DI water. 

8.3 Standards 
AII reagents are stored in the metals preparation lab unless otherwise noted. 

8.3.1 Stock Calibration Standard, 1000 mg/l: Spex #PLHG4-24 or equivalent 

8.3.2 Intermediate Calibration Standard, 10 mg/l: In a 100-m1 volumetric flask, dilute 
1.0-m1 of the stock calibration standard to the mark with 2-ml conc. HNO 3  and DI 
water. 

8.3.3 Working Calibration Standard, 20 ug/I: In a 500-m1 volumetric flask, dilute 1.0-m1 
of the intermediate calibration standard to the mark with 2-ml conc. HNO3  and DI 
water. 

8.3.4 Calibration curve: As separate samples, prepare the calibration standards by 
processing the following volumes of the working calibration standard. 

Vol. Working 
Cal. Std., ml 

Final Conc., 
ug/I 

0 0 
0.25 0.2 
1.25 1.0 
2.50 2.0 
6.25 5.0 
12.5 10.0 

8:3.5 Stock Verification Standard, 20 mg/I: Inorganic Ventures #TCLP-AA-Hg or 
equivalent. 

8.3.6 Intermediate Verification Standard, 1 mg/1: In a 100-m1 volumetric flask, dilute 
5.0-m1 of the stock verification standard to the mark with 2-ml conc. HNO 3  and DI 
water. 
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8.3.7 Working Verification Standard, 10 ug/I: In a 500-m1 volumetric flask, dilute 5-ml of 
the intermediate verification standard to the mark with 2-ml conc. HNO 3  and DI 
water. 

8.3.8 ICV, 1 ug/I: In a 25-m1 volumetric flask, dilute 2.5-m1 of the working verification 
standard to the mark with DI water and process this standard as a sample. 

8.3.9 CCV, 5 ug/I: In a 25-m1 volumetric flask, dilute 12.5-m1 of the working verification 
standard to the mark with DI water and process this standard as a sample. 

8.3.10 LCS/MS Spiking Solution, 100 ug/I: In a 10-mi volumetric flask, dilute 1.0-mi of 
the intermediate verification standard to the mark with 0.5-m1 conc. HNO 3  and DI 
water. 

8.3.11 LCS/MS, 2 ug/I: Add 0.5-m1 of the LCS/MS spiking solution to 25-m1 DI water or 
sample to prepare the LCS or MS, respectively, and process as a sample. 

8.3.12 Solid LCS: ERA catalog #540 

9.0 SAMPLE COLLECTION, PRESERVATION, AND HOLDING TIMES 

9.1 The client or other trained personnel collect samples. Samples received at the 
laboratory are cdnsidered representative unless otherwise noted. 

9.2 Water samples should be colfected in a plastic container. Preservation consists of 
HNO 3  to pH < 2. Samples are stored on the sample storage shelves in the metals 
preparation lab. Solid samples should be collected in a glass or plastic container. 
Preservation consists of storage in the range of 0.1-6 °C. Samples are stored in 
the main sample storage cooler. 

9.3 Analysis must be performed within the maximum allowable hold time of 28 days 
from collection. 

10.0 QUALITY CONTROL 

10.1 An lnitial Demonstration of Capability study must be performed prior to the initial 
analysis for each analyst and whenever substantial change has occurred in the 
procedure or instrument. Analyze four separate standards prepared in the range 
of 8-10 times the method detection limit listed in section 14.0. These standards 
must be from a source different from that used for calibration and taken through 
the entire analytical procedure. Submit the data to the QA department for 
evaluation. Refer to the  Capability and Detection Limit Studies  SOP for details. 

10.2 A Method Detection Limit study must be perFormed for each new procedure, 
annually thereafter, and whenever a change in instrument occurs. Analyze a 
minimum of seven (maximum of ten) standards prepared in the range of 2-5 times 
the method detection limit listed in section 14.0 or an estimated detection limit. 
These standards must be taken through the entire analytical procedure. Submit 
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the data to the QA department for evaluation. Refer to the  Capability and Detection  
Limit Studies  SOP for details. 

10.3 PQL Verification must be performed when analyzing samples applicable to our 
North Carolina certification. This is accomplished by analyzing the 0.2 ug/I 
calibration standard after the calibration curve is established. Acceptance criteria 
are the nominal limits of 75.0 — 125% recovery, as set forth by the NC DENR. If 
acceptance criteria are not met, reanalyze. If reanalysis fails to meet the 
acceptance criteria, stop analysis and recalibrate. Samples associated with a 
verification that fails with positive bias can be reported if the sample concentration 
is a non-detect. If insufficient holding time or sample size remains for reanalysis, 
results can be reported with a Case Narrative noting the failure of the control 
sample. 

10.3.1  NOTE: An acceptable alternative to physically analyzing the PQL standard is to 
calculate the theoretical concentration based on the average response of that 
standard in the calibration curve data. To do this, enter the calibration data into a 
calculator (or Excel spreadsheet) capable of linear regression statistical 
calculations then enter the uabs of the 0.2 ug/I standard from the calibration 
curve. This data is used to forecast/predict the concentration with respect to the 
curve. The acceptance criteria for this technique are the same as if the standard 
were physically analyzed as a sample. Document the recovery on the instrument 
printout. 

10.4 An Initial Calibration Verification (ICV) Standard must be analyzed immediately 
after calibration. Acceptance criteria are 90.0 — 110% recovery. If acceptance 
criteria are not met, reanalyze. If reanalysis fails to meet the acceptance criteria, 
stop analysis and recalibrate. Samples associated with a verification that fails with 
positive bias can be reported if the sample concentration is a non-detect. If 
insufficient holding time or sample size remains for reanalysis, results can be 
reported with a Case Narrative noting the failure of the control sample. 

10.5 A Continuing Calibration Veriflcation (CCV) Standard must be analyzed after every 
10 environmental samples and after the Iast environmental sample. Acceptance 
criteria are 80.0 — 120% recovery. If acceptance criteria are not met, reanalyze. If 
reanalysis fails to meet the acceptance criteria, stop analysis and recalibrate. 
Samples associated with a verification that fails with positive bias can be reported 
if the sample concentration is a non-detect. If insufficient holding time or sample 
size remains for reanalysis, results can be reported with a Case Narrative noting 
the failure of the control sample. 

10.6 A Calibration Verification Blank (ICB/CCB) sample must be analyzed after each 
calibration verification standard. The acceptance criteria are the absolute value of 
the blank less than the absolute value of the PQL. If the acceptance criteria are 
not met, reanalyze. If reanalysis fails to meet the acceptance criteria, stop 
analysis and recalibrate. If the blank does not meet the acceptance criteria, all 
samples < PQL or greater than 10 times the blank contamination may be reported 
with a"B" qualifieras defined in the LIMS. AII other environmental samples must 
be reanalyzed. If insufficient holding time or sample size remains for reanalysis, 
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results can be reported with a Case Narrative noting the failure of the control 
sample. 

10.7 A Method Blank must be analyzed with each batch of maximum 20 samples and at 
a minimum of one per 24-hour calendar day. Acceptance criteria are < PQL. If 
the acceptance criteria are not met, reanalyze. If reanalysis fails to meet the 
acceptance criteria, all samples < PQL or greater than 10 times the blank 
contamination may be reported with a"B" qualifier as defined in the LIMS. AII 
other environmental samples must be reanalyzed. If insufFcient holding time or 
sample size remains for reanalysis, results can be reported with a Case Narrative 
noting the failure of the control sample. 

10.8 A Laboratory Control Sample must be analyzed with each, batch of maximum 20 
samples and at a minimum of one per 24-hour calendarday. Acceptance criteria 
are the statistical recovery limits of 85.0 - 115% for waters and the vendor supplied 
recovery limits for solids. If the acceptance criteria are not met, reanalyze. If 
reanalysis fails to meet the acceptance criteria all environmental samples must be 
reprepared and analyzed. If the LCS fails with high bias, samples having a non- 
detectable concentration may be reported without qualification. If insufficient 
holding time or sample size remains for reanalysis, results can be reported with a 
Case Narrative noting the failure of the control sample. 

10.9 A Matrix Spike and Matrix Spike Duplicate sample must be analyzed with each 
batch of maximum 10 samples and at a minimum of one per 24-hour calendar day. 
Acceptance criteria are 70.0 — 130% recovery for accuracy, and  <  20.0% RPD for 
precision. Either the MS or MSD must meet the accuracy criteria lf the accuracy 
criteria are not met, evaluate the precision criteria. If the precision criteria are met, 
reprepare and analyze the sample or prepare and analyze a PDS on that sample 
(the choice is left to analyst discretion). If reanalysis fails to meet the accuracy 
criteria and a PDS was not perFormed, perform and evaluate a PDS on that 
sample. If the PDS recovery does not meet the acceptance criteria and the 
precision criteria are met, complete a Corrective Action Report (CAR) Form. This 
data may be reported with a Case Narrative notifying the client of the control 
failure. If the precision criteria are not met, all samples in that preparation batch 
must be reprepared and analyzed. If insufficient sample or hold time is available 
for reanalysis, report the data with a"S" qualifier (for accuracy failure) or a"R" 
qualifier (for precision failure) as appropriate. If insufficient sample is available for 
the preparation of a MS/MSD, a MS on two separate samples or a LCSD must be 
performed to provide for precision assessment. 

10.10A Post Digestion Spike (PDS) can be analyzed on any sample to evaluate the 
potential of matrix interference. Acceptance criteria are 85.0 — 115% recovery. 
Use the recovery data to help evaluate any bias as detailed in the MS/MSD 
Corrective Action Flowchart (see the Quality Assurance Plan). The LIMS will 
automatically flag a PDS not meeting the acceptance criteria with a"S" qualifier.. 

10.11 A Serial Ditution (SD) can be analyzed on any sample to evaluate the potential of 
matrix interference. Acceptance criteria for a 1:5 dilution are  <  10% difference 
between the original and the diluted sample concentration. If acceptance criteria 
are not met, another serial dilution of a different factor (e.g. 1:10) should be 
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analyzed. The LIMS will automatically flag a SD not meeting the acceptance 
criteria with a "R" qualifier. 

11.0 CALIBRATION AND STANDARDIZATION 

11.1 Perform the required preventative maintenance as necessary. 

11.2 If the instrument and autosampler have not been on, turn power on and allow a 
minimum of 1 hour for the instrument to stabilize. PerForm the following steps 
when the instrument is stable. It is acceptable to leave the instrument and 
autosampler turned on with the lamp and gas shut off. 

11.3 Turn on the lamp and gas. Allow a minimum of 15 minutes for warm up. 

11.4 To start the software, double-click on "Tweak232.exe" icon and then double-click 
on the "Hg Analysis" icon. 

11.5 Click on the Worksheet box, then choose Open, click on the high standard, and 
click OK. 

11.6 Go to Instrument, M6000, Controls, and set the gas flow to 175. Click Set Gas to 
keep this change. 

11..7 Go to Auto-sampler page and click the pump on and probe down. 

11.8 Click Close to return you to the Analysis page. 

11.9 Go tc Labels and enter the analytical batch information. 

11.10Go to Rack ID, Sample ID, then right-click. Click on Insert QC in the properties 
box. 

11.11 Scroll to the bottom and click on QC Standard. The number in the first position of 
the grid should be "1" and the value in the "Insert every nth position" field should 
be 10. Set these and then click OK. 

11.12Scroll to the bottom and click on QC Blank. The number in the first position of the 
grid should be "2" and the value in the "Insert every nth position" field should be 
11. Set these and then click OK. 

11.13Verify that there are a QC standard and blank set for after every 10 samples and 
again at the end of the analytical batch. 

11.14Label the initial QC Standard and QC Blank as "ICV" and "ICB", respectively. 
Label the continuing QC Standards and QC Blanks as "CCV" and "CCB", 
respectively. 
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11.15CIean and rinse the 2L rinse bottle with DI water, refill with 1% HCl/HNO 3  solution, 
and place the autosampler rinse tube into the rinse bottle. 

11.161nspect the SnC1 21HCI solution. Replace with fresh solution if it is yellow (oxidized) 
or precipitated. 

11.171nspect peristaltic pump tubing and replace if necessary. DO NOT lock the shoe 
clamps at this time. The 2 waste tubes (cream tubes with yellow bridge stops) are 
installed at the back of the pump. The sample tube (black) is installed in the third 
position from the back. The reagent tube (cream tube with black bridge stops) is 
installed at the front of the pump. 

11.18 Place the reagent capillary in a beaker of DI water and start the peristaltic pump 
(clockwise rotation). 

11.19 Lock down the peristaltic pump shoe clamps. 

11.201nspect the liquid flows. The GLS drain and the waste line from the peristaltic 
pump should be flowing smoothly without build up or pulsing. 

11.21 Wet the center post in the GLS by pinching the drain tube. Hold the tube until 2 or 
3 bubbles travel past the center post then release the tube and allow the water 
level to drain. 

11.22Attach the GLS exhaust tube to the GLS. 

11.23 Place reagent capillary in the reagent bottle. 

11.24Go to Instrument and using the autozero function, zero the analyzer 

11.25To peak profile the instrument, click on Read and the "0" standard at the bottom of 
the Analysis page. Then, scroll down and click Standards and STD Tube 4(the 
high standard). Record the uabs and concentration of the peak profile standard. 

11.26 Go to File (on the Analysis page), New Output File to obtain a new page to begin 
calibration and analysis. 

11.27Again, zero the instrument by going to Instrument, Zero. 

11.28Go to Instrument, Calibrate. The calibration standards (low to high) should be in 
the first positions. The CCV should be in position 8 and the CCB in position 9. 
Acceptance criteria is a correlatioh coefficient of r> 0.995. If acceptable, continue 
with sample analysis by clicking Start and Yes (to zero before analyses). If hot 
acceptable, recalibrate (using a New Output File). 

12.0 PROCEDURE 
Sample preparation documentation is maintained using the Digestion Log (copy 
attached). 
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12.1 SAMPLE PREPARATION - WATERS 

12.1.1 Transfer 25-m1 of sample into a digestion tube. 

12.1.2 Add 1.25-m1 conc. H 2SO4 , 1.0-m1 conc. HNO 3, and 4.0-mi KMn0 4  reagent. A 
purple color should be present. If not, add additional KMn0 4  reagent until 
present. 

12.1.3 Allow the sample to set for 15 minutes. If the purple color disappears within that 
timeframe, add sufficient additional KMn04  reagent until the color persists for 15 
minutes. 

111.4 Add 2.0-m1 K2S208  reagent. 

12.1.5 Mix the sample and digest in a 95°C digestion block for 2 hours. (A water bath 
must be used for samples applicable to our North Carolina certification, as use of 
the digestion block is not approved by the NC DENR for Mercury analysis.) 

12.1.6 Remove the sample from the digestion block (or water bath) and allow the 
sample to cool to room temperature. 

12.1.7 Add 1.5-m1 hydroxylamine reagent, cap the digestion tube and shake to mix. 
Shake until the purple color disappears. 

12.1.8 Dilute the sample to a final volume of 40-m1 with DI water. 

12.2 SAMPLE PREPARATION - SOLIDS 

12.2.1 Transfer 0.6g of sample into a digestion tube and record the weight used. (Use 
0.25g of the solid LCS. Use the entire wipe when analyzing environmental wipe 
samples.) 

12.2.2 Add 5.0-m1 DI water then 5.0-m1 aqua regia. 

12.2.3 Mix the sample and digest in a 95°C digestion block for 2 minutes. (A water bath 
must be used for samples applicable to our North Carolina certification, as use of 
the digestion block is not approved by the NC DENR for Mercury analysis.) 

12.2.4 Remove the sample from the digestion block (or water bath) and allow the 
samples to cool to room temperature. 

12.2.5 Add 15-m1 KMn0 4  reagent and swirl to mix. A purple color should be present. If 
not, add additional KMn04  reagent until present. 

12.2.6 Allow the sample to set for 15 minutes. If the purple color disappears within that 
timeframe, add sufficient additional KMn0 4  reagent until the color persists for 15 
minutes. 
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12.2.7 Return the samples to the digestion block (or water bath, as appropriate) and 
allow digestion at 95°C for 30 minutes. 

12.2.8 Remove the sample from the digestion block (or water bath) and allow the 
sample to cool to room temperature. 

12.2.9 Add 6.0-m1 hydroxylamine reagent, cap the digestion tube and shake to mix. 
Shake until the purple color disappears. 

12.2.10 Dilute the sample to a final volume of 40-m1 with DI water. 

12.3 SAMPLE ANALYSIS 
Sample analysis documentation is maintained using the instrument software printouts. 

12.3.1 Continue with automated analysis as in the Calibration section. 

12.4 INSTRUMENT SHUTDOWN 

12.4.1 Place the reagent capillary in a beaker of 10% HNO3 and cap the reagent bottle. 
Allow the system to rinse for a minimum of 10 minutes. 

12.4.2 Place the reagent capillary in a beaker of DI water and allow the system to rinse 
for 1 minute. 

12.4.3 Go to Instrument, M6000, Controls, Auto-sampler and click Probe Up and Pump 
Off to raise the probe. 

12.4.4 Remove reagent capillary from DI water. 

12.4.5 Allow the drain and waste lines to completely dry. 

12.4.6 Turn off the peristaltic pump. 

12.4.7 Release the peristaltic pump shoe clarnps and pump tubing from the holder clips. 

12.4.8 Close vents on waste container. 

12.4.9 Remove GLS exhaust line from the GLS. 

12.4.10 Turn off the lamp and gas. The instrument may be left powered on if you 
anticipate its use again within a day or so, otherwise, turn off the instrument 
and autosampler. 

13.0 CALCULATIONS AND DATA HANDLING 

13.1 After review, enter final results into the LIMS system. Results above the linear 
range of the instrument are flagged with a"Q" on the instrument printout and with a 
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an "E" qualifier by the LIMS. As there is less certainty in these data, the digestates 
should be reanalyzed at an appropriate dilution. Details on the procedure for 
entering analytical data are in the Data Entry SOP. 

13.2 The instrument automatically calculates the sample concentration by linear 
regression comparison with the absorbance data from the calibration curve. The 
calculation of final concentration is: 

H,g, ppm =[(instrument reading, u9/1) (Vf) ( DF) / 1000] 
Sample size,-ml or g 

Where: Vf  = final volume of digestate 
DF = dilution factor 

13.3 For wipe samples, enter 1.6 (i.e. 40-m1/25-m1) into the dilution factor (DF) field, and 
enter the final volume of digestate, in liter units, into the preparation factor (PFac) 
field. 

13.4 The LIMS calculates the dry-weight concentration for solid samples as follows: 

Conc. Dry = (wet weight conc.) 
(100 - %Moisture) 

14.0 METHOD PERFORMANCE 

14.1 Method Detection Limit 
The latest MDL study yielded the following data: 

n= 7 
Standard Deviation (an-i) 0.038 ug/I 
Spiked Concentration 0.20 ug/I 
Average Concentration 0239 ug/I 
Average Recovery 119 % 
Calculated MDL 0.11 ug/I 

14.2 Initial Demonstration of Capability 
A typical IDC study will yield data similar to: 

n= 4 
Standard Deviation (an-,) 0.022 ug/I 
Spiked Concentration 1.0 ug/I 
Average Concentration 0.88 ug/I 
Average Recovery 88.2 % 
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15.0 POLLIJTION PREVENTION 

15.1 The quantity of chemicals purchased should be based on expected usage during 
their shelf life and the disposal cost of unused material. 

15.2 Prepare the minimum amount of reagent and standard necessary. 

16.0 WASTE MANAGEMENT 

16.1 Refer to the SIMALABS International Sample Disposal SOP for guidance on the 
disposal of any resulting residue, digestate, distillate, extract or standard. 

17.0 REFERENCES 

17.1 USEPA Method 245.1, MCAWW March 1983 and revision 3.0 

17.2 SW-846 Methods 7470A and 7471A 

17.3 SIMALABS International Quality Assurance Plan, current revision 

17.4 SIMALABS Good Laboratory Practices document. 

18.0 TABLES, FORMS, CHECKLISTS, AND OTHER ATTACHMENTS  

Copy of the Digestion Log 
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STANDARD OPERATING PROCEDURE 
GRAPHITE FURNACE ATOMIC ABSORPTION ANALYSIS OF ANTIMONY 

FOR AQUEOUS SAMPLES 

LOCATION: 

Metals, Metals Laboratory 

REFERENCE: 

SW-846. 3rd Edition, Method 7041 

MATRIX: 

Water, Leachates 

QUANTITATION LIMIT: 

EQL = 50 ug/L; MDL = 11.5 ug/L. 

RAN G E: 

50 ug/L to 200 ug/L without dilution 

PRINCIPLE SCOPE AND APPLICATION: 

Antimony in solution may be readily determined by graphite furnace atomic 
absorption spectroscopy. The method is simple, rapid, and applicable to a 
variety of matrices. Samples for totals analysis require digestion prior to 
analysis. 

Detection limits, sensitivity, and optimum ranges of the metals will vary with the 
inatrices and models of atomic absorption spectrophotometers. When using 
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furnace techniques the analyst should be cautioned as to possible chemical 
reactions occurring at elevated temperatures which may result in either 
suppression or enhancement of the analysis element. To ensure valid data with 
furnace techniques; the analyst must examine each matrix for interference 
effects. 

When using the furnace technique in conjunction with an atomic absorption 
spectrophotometer, a representative aliquot of a sample is placed in the graphite 
tube in the furnace, evaporated to dryness, charred, and atomized. Radiation 
from a given excited element is passed through the vapor containing ground- 
state atoms of that element. The metal atoms to be measured are placed in the 
beam of radiation by increasing the temperature of the furnace, thereby causing 
the injected specimen to be volatilized. A monochromator isolates the discharge 
lamp, and a photosensitive device measures the attenuated transmitted 
radiation. 

INTERFERENCES AND CORRECTIVE ACTION: 

Although the problem of oxide formation is greatly reduced with furnace 
procedures because atomization occurs in an inert atmosphere, the technique is 
still subject to chemical interferences. The composition of the sample matrix can 
have a major effect on the analysis. It is those effects which must be determined 
and taken into consideration in the analysis of each different matrix encountered. 
To help verify the absence of matrix or chemical interference, the serial dilution 
technique may be used. Those samples which indicate the presence of 
interference should be treated in one or more of the following ways: 

(1) Successively dilute and reanalyze the samples to eliminate 
interferences. 

(2) Analyze the sample by method of standard additions while 
noticing the precautions and limitations of its use. 

Gases generated in the furnace during atomization may have molecular 
absorption bands encompassing the analytical wavelength. Background 
correction may also compensate for nonspecific broad-bank absorption 
interference. 

Continuous background correction cannot correct for all types of background 
interference. When.the background interference cannot be compensated for, 
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chemically remove the analyte or use an alternate form of background 
correction, e.g. Zeeman background correction. 

Interference from a smoke-producing sample matrix can sometimes be reduced 
by extending the charring time at a higher temperature or utilizing an ashing 
cycle in the presence of air. Care must be taken, however, to prevent loss of the 
analyte. 

Samples containing large arriounts of organic materials should be oxidized by 
conventional acid digestion before being placed in the furnace. In this way, 
broad-band absorption will be minimized. 

Anion interference studies in the graphite furnace indicate that, under conditions 
other than isothermal, the nitrate anion is preferred. Therefore, nitric acid is 
preferable for any digestion or solubilzation step. If another acid in addition to 
HNO3  is required, minimum amount should be used. This applies particularly to 
hydrochloric and to a lesser extent to sulfuric and phosphoric acids. 

Cross-contamination and contamination of the sample can be a major source of 
error. The sample preparation work area should be kept scrupulously clean. 
Pipet tips are a frequent source of contamination. If contamination is suspected, 
the tips should be soaked with 1:5 nitric acid and rinsed thoroughly with DI 
water. 

SAFETY PRECAUTIONS: 

Lab coats and safety goggles are to be worn while working with samples, 
especially during digestion procedures. AII instrument vapors are to be vented 
to the exterior of the building, and all digestions are to occur under a fume hood. 

SAMPLE SIZE COLLECTION PRESERVATION AND HANDLING: 

Aqueous and leachate samples are to be collected in 500 ml plastic containers 
with teflon lined lids, preserved to pH < 2 with nitric acid, and cooled to 4°C until 
digestion. Samples must be analyzed within 6 months of collection. 

APPARATUS: 
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1) Varian SpectrAA 400 with double beam, grating monochromator, 
photomultiplier detector, adjustable slits, wavelength range of 190 to 800 nm, 
Zeeman background correction, and interfaced with an IBM computer and dot 
matrix printer. 

2) Zeeman Graphite Tube Atomizer provides power to furnace and 
spectrophotometer. Allows use of two gasses, and requires cooling water. 
Provides temperature range of 40 - 3000 °C and heating times of 0- 500 
seconds. Provides gas control between 0 and 3.1 L/min. 

3) Autosampler with capability of running 45 samples including check standards. 
Dispenses volumes from 1 to 40 ul. 

4) IBM PS/2 Model 30 computer, controls operation of spectrophotometer and 
provides data manipulation and reporting of sample calculations. 

5) Citizen dot matrix printer, prints calibration and sample results. 

6) Class A volumetric pipets 

7) Class A volumetric flasks 

8) Pipets: Microliter, with disposable tips. sizes can range from 5 to 100 uL as 
required. Pipet tips should be checked as a possible sources of contamination 
prior to their use. 

9) Analytical balance 

10) Disposable glass serological pipets 

ROUTINE MAINTENANCE: 

Gasses are checked daily.to  insure adequate pressure. The autosampler parts 
are checked daily. Furnace optics are cleaned twice weekly. Plumbing 
connections , and the furnace are checked as needed. Electrodes are changed 
as needed. Graphite tube is changed as needed. 

REAGENTS AND CALIBRATION STANDARDS: 
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1) Deionized water - Type II 

2) Nitric Acid - concentrated, trace metals grade (Fisher, AS09-212) 

3) Furnace stock calibration standard: Using a Class A volumetric plpet, dilute 
1.0 ml Cadmium Stock (Spex, PLSB7-2y, 1000 ppm), and 4.0 ml concentrated 
nitric acid, to 200 ml with DI water in a volumetric flask. Bring to volume. This 
will result in a final concentration of 10 ppm Antimony. Dilute stock calibration 
standard 1:99 with DI water for daily calibration. 

4) Furnace ICV/CCV Solutions: Using a 100 uL micropipet and a 10 mL glass 
serological pipet, transfer 0.10 ml QC-19 Stock (SPEX , QC-19- 100 ppm) and 
2.0 ml concentrated nitric acid to a 100 ml Class A volumetric flask partially filled 
with DI water. Bring to volume. This will result in a 100 ppb final concentration. 

5) Antimony Modifier: Using an analytical balance, weigh 3.00 g NH 4NO3  
(Fisher, A684-500) and transfer to a 100 mL Class A volumetric flask. Dilute to 
100 ml with DI water in a volumetric flask. 

CALIBRATION PROCEDURES: 

A curve consisting of 4 standards and a blank is analyzed at the beginning of 
each run. The curve must demonstrate a correlation coefficient of > 0.995 to be 
valid. An ICV followed by an ICB are analyzed prior to sample analysis. The 
ICV must recover within 20 % of true value, and the ICB must show results Iess 
than the PQL. After every 10 samples, and at the conclusion of the run, a CCV 
and CCB are analyzed. The CCV and CCB must meet the above stated criteria 
for the ICV and ICB. 

SAMPLE PREPARATION: 

Aqueous: See SOP-MET-3020-1 

ANALYSIS PROCEDURE: 

1.) 	Turn on monitor, computer, Spectra AA-400, Zeeman, Graphic Tube 
Atomizer, T& A cooling unit, hood printer, Argon gas at its source. Press 
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F10 (index) on computer keyboard. Type 10, press F-6 (new page) press 
F1 (clear sequence). Type the number of the program to be run. Press 
F6, the program is loaded and the correct lamp is automatically moved 
into position. 

2.) Swing toggle lever clockwise to release the furnace right hand housing. 
Clean furnace housing using a cotton swap and isopropyl rubbing 
alcohol. Clean a graphite tube and it's platform using a Kim wipe. 
Position graphite platform inside the plateau tubes so that it is 
perpendicular to the sample injection hole of the tube. Place the graphlte 
tube in the furnace housing being careful to align the sample introduction 
hole in the graphite tube to the center of the furnace chimney. Swing the 
toggle lever counter-clockwise in order to close the right-hand housing 
onto the tube now positioned inside the furnace housing. 

3.) Remove rinse bottle and fill to the line with DI H2O. Clean the Blank, 
Modifier and Standard cups with DI H 20 and 1:1 Nitric acid. Fill and 
place these cups in their labeled positions on the autosampler tray. 

4.) Press F10 (index). Type 8 and press F6 (new page). Press F2 (align 
sampler) twice. The sampling arm will move from it's rinse position to the 
sample 1 position and than to the sample introduction hole in the 
graphite tube. Adjust the position of the auto sampler capillary tube 
inside the hole in the graphite tube so that it is in the center of this hole. 
Use the backwards and forward adjuster along with the sideways adjuster 
to accomplish the correct positioning. 

5,) Open syringe compartment door. Put the syringe clear of it's mounting 
and remove the plunger from the syringe. While holding a tissue 
beneath the syringe press F3 (rinse). Liquid will emerge along with any 
air bubbles present in the line. Press F3 (rinse) again, and while solution 
is dripping from the syringe, carefully insert the plunger into the syringe. 
Re-insert the syringe assembly into it's housing and close the 
compartment door. 

6,) Press F10 (index). Type 18 and Press F6 (new page). Press F4 (tube 
clean). The furnace will heat and clean the graphite tube. Press shift 
and F11 (start GTA). A trial start will begin. Watch the sampler to 
ensure it pulls up blank and modifier solution into the capillary and is 
properly injected onto the platform inside the graphite tube. Swing the 
mirror assembly counter-clockwise to force it in the path of the UV light 
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and thus putting in view the position of the capillary while inside the 
graphic tube. Ensure that the droplet is placed correctly ln the tube. 
AIIow the temperature program to go to completion and note the 
analytical signal. 

7.) Press F10 (index). Type 6 and then F6 (new page). Open the Spectra 
400 lamp cover and by turning the two knobs on the left-hand side of the 
appropriate lamp adjust the angle until the lamp peak wavelength has 
been found (i.e. the optimization line is at its furthest most position from 
the left-hand baseline.) 	Note: 	pressing F1 (rescale) allows the 
wavelength line that may reach a maximum at the right hand edge of the 
screen to rescale at a point near the middle of the screen. Once the 
lamp has sufficiently warmed (approximately 20 minutes from the time of 
the program) the run can be started. 

8.) Pour samples to be analyzed into sample cups and place them into the 
autosampler tray. Record position of samples in tray on sample run list 
log. Pour check standards into sample cups "and place them in their 
proper positions in the autosampler tray. Press F10 (index). Type 15 
and press F6 (new page). Press F11 (start) to begin sample run. 

Specific settings for Antimony: 

Antimony: 	Program #8, Matrix Modifier - Antimony Modifier 
Standard 1=50 ppb, 2= 100 ppb, 3= 150 ppb, 4= 200 

ppb 
ICV = 100 ppb, CCV = 100 ppb 

QUALITY CONTROL : 

AII quality control data should be maintained and available for easy reference or 
inspection. 

If 10 or more samples per batch are analyzed, the working standard curve must 
be verified by running an additional standard at or near the mid-range every 10 
samples. Checks must be within + 20% of true value. 
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At least one preparatory blank, laboratory standard, spike and one duplicate 
sample should be run every 20 samples, or with each matrix type to verify 
precision of the method. 

Where the sample matrix is so complex the viscosity, surface tension and 
components cannot be accurately matched with standards, the method of 
standard addition may be used. (See below.) 

Method of standard additions: 

In the simplest version of this method, equal volumes of sample are added to a 
DI water blank and to a standard. If a higher degree of accuracy is required, 
more than one addition should be made. The absorbance of each solution is 
determined and then plotted on the vertical axis of a graph, with the 
concentrations of the known standards plotted on the horizontal axis. When the 
resulting line is extrapolated back to zero absorbance, then the point of 
interception of the abscissa is the concentration of the unknown. The abscissa 
on the left of the ordinate is scaled the same as on the right side, but in the 
opposite direction from the ordinate. 

The method of standard additions can be very useful; however, for the results to 
be valid the following limitations must be taken into consideration: 

1) The absorbance plot of sample and standards must be linear over the 
concentration range of concern. For best results, the slope of the plot should be 
nearly the same as the slope of the aqueous standard curve. If the slope is 
significantly different (more than 20%), caution should be exercised. 

2) The effect of the interference should not vary as the ratio of analyte 
concentration to sample matrix changes, and the standard addition should 
respond in a similar manner as the analyte. 

3) The determination must be free of spectral interference and corrected for 
nonspecific background interference. 

The simplest version of this technique is the single-addition method, in which 
two identical aliquots of the sample solution, each of Volume V x, are taken. To 
the first (labeled A) is added a small volume V. of a standard analyte solution of 
concentrate cs. To the second (labeled B) is added the same volume V. of the 
solvent. The analytical signals of A and B are measured and corrected for non- 
analyte signals. The unknown sample concentration c x  is calculated: 
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Cx = 	/ S—BUSCS 
lSA SB) VX 

where, 

S A  and S B  are the analytical signals (corrected for the.blank) of solutions A and 
B, respectively. Vs  and c. should be chosen so that SA  is roughly twice S B  on the 
average. It is best if V. is made much less than V X , and thus cs  is much greater 
than cx , to avoid excess dilution of the sample matrix. If a separation or 
concentration step is used, the additions are best made first and carried through 
the entire procedure. 

DATA TREATMENT: 

For determination of inetal concentration by direct aspiration and furnace; read 
the metal value in ug/L from the calibration curve or directly from the read-out 
system of the instrument. 

If dilution of sample was required: 

ug/L metal in sample = 	A x (C + B 
C 

where, 

A= 
from calibration curve 

B= 
dilution, mL 

C= 

DATA DELIVERABLES : 

Reports to client will include: 
- 	Date of receipt 
- 	Date of preparation 
- 	Date of analysis 
- 	Analyst 
- 	Matrix 

ug/L of inetal in diluted aliquot 

Acid blank matrix used for 

sample aliquot, mL 
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- 	Laboratory ID# 
- 	Client ID# 
- 	Analytical method # 
- 	Concentration Determined and resulting PQL 
- 	ICV, CCV Summary form 
- 	ICB, CCB, Prep Blank Summary form 
- 	Spike Sample Recovery form 
- 	Laboratory Control Sample Summary form 
- 	AII Raw Data 
- 	Preparation Records 
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. DARD OPERATING PROCEDURE  

	

• . ~ 	 . 	. • 	~ : • ~ 	• 	. 	• 	~ 

•' 	• .• 	•, 	. u•  

LOCATION : 

Metals, Metals Laboratory 

=140MLON 

SW-846, 3rd Edition, Method 7131 

MATRIX: 

Soils, solids, sludges 

QUANTITATION LIMIT: 

EQL = 200 ug/kg. 

RANGE: 

200 ug/kg to 2000 ug/kg without dilution 

.. 	. 	•. 	.  ~  . .. 	. • 

Cadmium in solution may be readily determined by graphite furnace atomic 
absorption spectroscopy. The method is simple, rapid, and applicable to a variety 
of matrices. Samples for totals analysis require digestion prior to analysis. 

Detection limits, sensitivity, and optimum ranges of the metals will vary with the 
matrices and models of atomic absorption spectrophotometers. When using 
furnace techniques the analyst should be cautioned as to possible chemical 
reactions occurring at elevated temperatures which may result in either 
suppression or enhancement of the analysis element. To ensure valid data with 
furnace techniques, the analyst must examine each matrix for interference effects. 
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When using the furnace technique in conjunction with an atomic absorption 
spectrophotometer, a representative aliquot of a sample is placed in the graphite 
tube in the furnace, evaporated to dryness, charred, and atomized. Radiation from 
a given excited element is passed through the vapor containing ground-state 
atoms of that element. The metal atoms to be measured are placed in the beam of 
radiation by increasing the temperature of the furnace, thereby causing the 
injected specimen to be volatilized. A monochromator isolates the discharge 
lamp, and a photosensitive device measures the attenuated transmitted radiation. 

INTERFERENCES AND CORRECTIVE ACTION: 

Although the problem of oxide formation is greatly reduced with furnace 
procedures because atomization occurs in an inert atmosphere, the technique is 
still subject to chemical interferences. The composition of the sample matrix can 
have a major effect on the analysis. It is those effects which must be determined 
and taken into consideration in the analysis of each different matrix encountered: 
To help verify the absence of matrix or chemical interference, the serial dilution 
technique may be used. Those samples which indicate the presence of 
interference should be treated in one or more of the following ways: 

(1) Successively dilute and reanalyze the samples to eliminate 
interferences. 

(2) Analyze the sample by method of standard additions while noticing 
the precautions and limitations of its use. 

Gases generated in the furnace during atomization may have molecular 
absorption bands encompassing the analytical wavelength. Background 
correction may also compensate for nonspecific broad-bank absorption 
interference. 

Continuous background correction cannot correct for all types of background 
interference. When the background interference cannot be compensated for, 
chemically remove the analyte or use an alternate form of background correction, 
e.g. Zeeman background correction. 

Interference from a smoke-producing sample matrix can sometimes be reduced 
by extending the charring time at a higher temperature or utilizing an ashing cycle 
in the presence of air. Care must be taken, however, to prevent loss of the analyte. 

Samples containing large amounts of organic materials should be oxidized by 
conventional acid digestion before being placed in the furnace. In this way, 
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broad-band absorption will be minimized. 

Anion interference studies in the graphite furnace indicate that, under conditions 
other than isothermal, the nitrate anion is preferred. Therefore, nitric acid is 
preferable for any digestion or solubilzation step. If another acid in addition to 
HNO3 is required, minimum amount should be used. This applies particularly to 
hydrochloric and to a lesser extent to sulfuric and phosphoric acids. 

Cross-contamination and contamination of the sample can be a major source of 
error. The sample preparation work area should be kept scrupulously clean. 
Pipet tips are a frequent source of contamination. If contamination is suspected, 
the tips should be soaked with 1:5 nitric acid and rinsed thoroughly with DI water. 

SAFETY PRECAUTIONS: 

Lab coats and safety goggles are to be worn while working with samples, 
especialiy during digestion procedures. AII instrument vapors are to be vented to 
the exterior of the building, and all digestions are to occur under a fume hood. 

SAMPLE SIZE COLLECTION PRESERVATION AND HANDLING: 

Nonaqueous samples are to be collected in 4 oz. squat jars with teflon lined lids, 
and cooled to 40C until digestion. Samples must be analyzed within 6 months of 
collection. 

APPARATUS: 

i) Varian SpectrAA 400 with double beam, grating monochromator, photomultiplier 
detector, adjustable slits, wavelength range of 190 to 800 nm, Zeeman background 
correction, and interfaced with an IBM computer and dot matrix printer. 

2) Zeeman Graphite Tube Atomizer provides power to furnace and 
spectrophotometer. Allows use of two gasses, and requires cooling water. 
Provides temperature range of 40 - 3000 oC and heating times of 0- 500 
seconds. Provides gas control between 0 and 3.1 Umin. 

3) Autosampler with capability of running 45 samples including check standards. 
Dispenses volumes from 1 to 40 ul. 

4) IBM PS/2 Model 30 computer, controls operation of spectrophotometer and 
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provides data manipulation and reporting of sample calculations. 

5) Citizen dot matrix printer, prints calibration and sample results. 

6) Class A volumetric pipets 

7) Class A volumetric flasks 

8) Pipets: Microliter, with disposable tips. sizes can range from 5 to 100 uL as 
required. Pipet tips should be checked as a possible sources of contamination 
prior to their use. 

9) Analytical balance 

10) Disposable glass serological pipets 

ROUTINE MAINTENANCE: 

Gasses are checked daily to insure adequate pressure. The autosampler parts 
are checked daily. Furnace optics are cleaned twice weekly. Plumbing 
connections , and the furnace are checked as needed. Electrodes are changed as 
needed. Graphite tube is changed as needed. 

REAGENTS AND CALIBRATION STANDARDS: 

1) Deionized water - Type II 

2) Nitric Acid - concentrated, trace metals grade (Fisher, AS09-212) 

3) Furnace stock calibration standard: Using a Class A volumetric pipet, dilute 1.0 
ml Cadmium Stock (Spex, QC-19, 1000 ppm), and 4.0 ml concentrated nitric acid, 
to 200 ml with DI water in a volumetric flask. Bring to volume. This will result in a 
final concentration of 10 ppm Cadmium. Dilute stock calibration standard 1:99 
with DI water for daily calibration. 

4) Furnace ICV/CCV Solution: Using a 100 uL micropipet and a 10 mL disposable 
glass serological pipet, transfer 0.10 ml QC-19 Stock (SPEX , QC-19, 100 ppm) 
and 2.0 ml concentrated nitric acid to a 10o ml Class A volumetric flask partially 
filled with DI water. 	Bring to volume. This will result in a 100 ppb final 
concentration. Dilute 1:1 for a working concentration of 50 ppb. 

l 

t i 
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5) Cadmium Modifier: Using an analytical balance, weigh 1.00 g NH 4H 2PO4  

(Fisher, A684-500) and transfer to a 100 mL Class A volumetric flask. Dilute to 
volume. 

CALIBRATION PROCEDURES: 

A curve consisting of 4 standards and a blank is analyzed at the beginning of each 
run. The curve must demonstrate a correlation coefficient of > 0.995 to be valid. 
An ICV followed by an ICB are analyzed prior to sample analysis. The ICV must 
recover within 20 % of true value, and the ICB must show results less than the 
PQL. After every 10 samples, and at the conclusion of the run, a CCV and CCB 
are analyzed. The CCV and CCB must meet the above stated criteria for the ICV 
and ICB. 

MA3_.8.' _. . 	~._ ' •. 	 1101. 

Nonaqueous: See SOP-MET-3050-1 

ANALYSIS PROCEDURE: 

1.) Turn on monitor, computer, Spectra AA-400, Zeeman, Graphic Tube 
Atomizer, T& A cooling unit, hood printer, Argon gas at its source. Press 
F10 (index) on computer keyboard. Type 10, press F-6 (new page) press 
F1 (clear sequence). Type the number of the program to be run. Press F6, 
the program is loaded and the correct lamp is automatically moved into 
position. 

2.) Swing toggle lever clockwise to release the furnace right hand housing. 
Clean furnace housing using a cotton swap and isopropyl rubbing alcohol. 
Clean a graphite tube and it's platform using a Kim wipe. Position graphite 
platform inside the plateau tubes so that it is perpendicular to the sample 
injection hole of the tube. Place the graphite tube in the furnace housing 
being careful to align the sample introduction hole in the graphite tube to 
the center of the furnace chimney. 	Swing the toggle lever 
counter-clockwise in order to close the right-hand housing onto the tube 
now positioned inside the furnace housing. 

3.) Remove rinse bottle and fill to the line with DI H2O. Clean the Blank, 
Modifier and Standard cups with DI H20 and 1:1 Nitric acid. Fill and place 
these cups in their labeled positions on the autosampler tray. 
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4.) Press F10 (index). Type 8 and press F6 (new page). Press F2 (align 
sampler) twice. The sampling arm will move from it's rinse position to the 
sample 1 position and than to the sample introduction hole in the graphite 
tube. Adjust the position of the auto sampler capillary tube inside the hole 
in the graphite tube so that it is in the center of this hole. Use the 
backwards and forward adjuster along with the sideways adjuster to 
accomplish the correct positioning. 

5.) Open syringe compartment door. Put the syringe clear of it's mounting and 
remove the plunger from the syringe. While holding a tissue beneath the 
syringe press F3 (rinse). Liquid will emerge along with any air bubbles 
present in the line. Press F3 (rinse) again, and while solution is dripping 
from the syringe, carefully insert the plunger into the syringe. Re-insert the 
syringe assembly into it's housing and close the compartment door. 

6.) Press F10 (index). Type 18 and Press F6 (new page). Press F4 (tube 
clean). The furnace will heat and clean the graphite tube. Press shift and 
F11 (start GTA). A trial start will begin. Watch the sampler to ensure it 
pulls up blank and modifier solution into the capillary and is properly 
injected onto the platform inside the graphite tube. Swing the mirror 
assembly counter-clockwise to force it in the path of the UV light and thus 
putting in view the position of the capillary while inside the graphic tube. 
Ensure that the droplet is placed correctly in the tube. Allow the 
temperature program to go to completion and note the analytical signal. 

7.) Press F10 (index). Type 6 and then F6 (new page). Open the Spectra 400 
lamp cover and by turning the two knobs on the left-hand side of the 
appropriate lamp adjust the angle until the lamp peak wavelength has 
been found (i.e. the optimization line is at its furthest most position from the 
left-hand baseline.) Note: pressing F1 (rescale) allows the wavelength line 
that may reach a maximum at the right hand edge of the screen to rescale 
at a point near the middle of the screen. Once the lamp has sufficiently 
warmed (approximately 20 minutes from the time of the program) the run 
can be started. 

8.) Pour samples to be analyzed into sample cups and place them into the 
autosampler tray. Record position of samples in tray on sample run list log. 
Pour check standards into sample cups and place them in their proper 
positions in the autosampler tray. Press F10 (index). Type 15 and press 
F6 (new page). Press F11 (start) to begin sample run. 

~ 
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Specific settings for Cadmium: 

Cadmium: Program #6, Matrix Modifier - Cadmium Modifier 
Standard 1=0.25 ppb, 2= 0.50 ppb, 3= 1.00 ppb, 4= 2.50 ppb 
ICV = 1.00 ppb, CCV = 1.00 ppb 

QUALITY CONTROL : 

AII quality control data should be maintained and available for easy reference or 
inspection. 

If 10 or more samples per batch are analyzed, the working standard curve must be 
verified by running an additional standard at or near the mid-range every 10 
samples. Checks must be within ± 20% of true value. 

At least one preparatory blank, laboratory standard, spike and duplicate sample 
should be run every 20 samples, or with each matrix type to verify precision of the 
method. 

Where the sample matrix is so complex the viscosity, surface tension and 
components cannot be accurately matched with standards, the method of 
standard addition may be used. (See below.) 

Method of standard additions: 

In the simplest version of this method, equal volumes of sample are added to a DI 
water blank and to a standard. If a higher degree of accuracy is required, more 
than one addition should be made. The absorbance of each solution is 
determined and then plotted on the vertical axis of a graph, with the concentrations 
of the known standards plotted on the horizontal axis. When the resulting line is 
extrapolated back to zero absorbance, then the point of interception of the 
abscissa is the concentration of the unknown. The abscissa on the left of the 
ordinate is scaled the same as on the right side, but in the opposite direction from 
the ordinate. 

The method of standard additions can be very useful; however, for the results to be 
valid the following limitations must be taken into consideration: 

1) 	The absorbance plot of sample and standards must be linear over the 
concentration range of concern. For best results, the slope of the plot should be 
nearly the same as the slope of the aqueous standard curve. If the slope is 
significantly different (more than 20%), caution should be exercised. 
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2) The effect of the interference should not vary as the ratio of analyte 
concentration to sample matrix changes, and the standard addition should 
respond in a similar manner as the analyte. 

3) The determination must be free of spectral interference and corrected for 
nonspecific background interference. 

The simplest version of this technique is the single-addition method, in which two 
identical aliquots of the sample solution, each of Volume V x, are taken. To the first 

(labeled A) is added a small volume V s  of a standard analyte solution of 

concentrate c s. To the second (labeled B) is added the same volume V s  of the 

solvent. The analytical signals of A and B are measured and corrected for 
non-analyte signals. The unknown sample concentration c x  is calculated: 

Cx= 	SRVCCQ  

(SA- SB) VX 
where, 

SA and SB are the analytical signals (corrected for the blank) of solutions A and B, 

respectively. VS and cs  should be chosen so that SA is roughly twice SB on the 

average. It is best if Va is made much less than VX, and thus c s  is much greater 

than cx, to avoid excess dilution of the sample matrix. If a separation or 
concentration step is used, the additions are best made first and carried through 
the entire procedure. 

DATA TREATMENT: 

For determination of inetal concentration by direct aspiration and furnace; read 
the metal value in ug/L from the calibration curve or directly from the read-out 
system of the instrument. 

If dilution of sample was required: 

ug/L metal in sample = A x (C + B ) 
C 

where, 

A= ug/L of inetal in diluted aliquot from calibration curve 
B= Acid blank matrix used for dilution, mL 
C = Sample aliquot, mL 
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For nonaqueous samples: 

ug/kg metal in sample = 	(A)(V)/(W) 
where, 

A= ug/L of inetal in processed sample from calibration 
curve 

V= Final volume of the processed 
W= Weight of sample, grams 

DATA DELIVERABLES : 

Reports to client will include: 
- 	Date of receipt 
- 	Date of preparation 
- 	Date of analysis 
- 	Analyst 
- 	Matrix 
- 	Laboratory ID# 
- 	Client ID# 
- 	Analytical method # 
- 	Concentration Determined and resulting PQL 
- 	ICV, CCV Summary form 
- 	ICB, CCB, Prep Blank Summary form 
- 	Spike Sample Recovery form 

Laboratory Control Sample Summary form 
- 	AII Raw Data 

Preparation Records 
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STANDARD OPERATING PROCEDURE 
GRAPHITE FURNACE ATOMIC ABSORPTION ANALYSIS OF LEAD 

FOR AQUEOUS SAMPLES 

LOCATION: 

Metals, Metals Laboratory 

REFERENCE: 

SW-846, 3rd Edition, Method 7421 

MATRIX: 

Water, Leachate 

DETECTION LIMITS: 

EOL=5:OuglL; MDL=0.499ug/L 

RANGE: 

5.0 ug L to 50 ug L without dilution 

PRINCIPLE SCOPE AND APPLICATION: 

Lead in solution may be readily determined by graphite furnace atomic 
absorption spectroscopy. The method is simple, rapid, and applicable to a 
variety of matrices. Samples for totals analysis require digestion prior to 
analysis. 

Detection limits, sensitivity, and optimum ranges of the metals will vary with the 
mati<rices and models of atomic absorption spectrophotometers. When using 
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furnace techniques the analyst should be cautioned as to possible chemical 
reactions occurring at elevated temperatures which may result in either 
suppression or enhancement of the analysis element. To ensure valid data with 
furnace techniques, the analyst must examine each matrix for interference 
effects. 
When using the furnace technique in conjunction with an atomicabsorption 
spectrophotometer, a reqresentative aliquot of a sample.i's placed in the graphite 
tube in the furnace, evaporated to dryness, charred, and atomized. Radiation 
from a given excited element is passed through the vapor containing ground- 
state atoms of that element. The metal atoms to be measured are placed in the 
beam of radiation by increasing the temperature of the furnace, thereby causing 
the injected speciment to be volatilized. A monochromator isolates the 
dishcarge lamp, and a photosensitive device measures the attenuated 
transmitted radation. 

INTERFERENCES AND CORRECTIVE ACTION: 

Although the problem of oxide formation is greatly reduced with furnace 
procedures because atomization occurs in an inert atmosphere, the technique is 
still subject to chemical interferences. The composition of the sample matrix can 
have a major effect on the analysis. It is those effects which must be determined 
and taken into consideration in the analysis of each different matrix encountered. 
To help verify the absence of matrix or chemical interference, the serial dilution 
technique may be used. Those samples which indicate the presence of 
interFerence should be treated in one or more of the following ways: 

1) Successively dilute and reanalyze the samples to eliminate interferences. 

2) Analyze the sample by method of standard addditions while noticing the 
precautions and limitations of its use. 

Gasas generated in the furnace during atomization may have molecular 
absorption bands encompassing the analytical wavelength. Background 
correction may also compensate for nonspecific broad-bank absorption 
interference. 

Continuous background correction cannot correct for all types of background 
interference. When the background interference cannot be compensated for, 
chemically remove the analyte or use an alternate form of background 
correction, e.g. Zeeman background correction. 
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Interference from a smoke-producing sample matrix can sometines be reduced 
by extending the charring time at a higher temperature or utilizing an ashing 
cycle in the presence of air. Care must be taken, however, to prevent loss of the 
analyte. 

Samples containing large amounts of organic materials should be oxidized by 
conventional acid digestion before being placed in the furriace. In this way, 
broad-band absorption will be minimized. 

Anion interFerence studies in the graphite furnace indicate that, under conditions 
other than isothermal, the nitrate anion is preferred. Therefore, nitric acid is 
preferable for any digestion or solubilzation step. If another acid in addition to 
HNO3 is required, minimum amount should be used. This applies particularly to 
hydrochloric and to a lesser extent to sulfuric and phosphoric acids. 

Cross-contamination and contamination of the sample can be a major source of 
error. The sample preparation work area should be kept scrupulously clean. 
Pipet tips are a frequent source of contamination. If contamination is suspected 
, the tips should be soaked with 1:5 nitric acid and rinsed thoroughly with DI 
water. 

SAFETY PRECAUTIONS: 

Lab coats and safety goggles are to be worn while working with samples, 
especially during degestion procedures. AII instrument vapors are to be vented 
to the exterior of the building, and all digestion are to occur under a fume hood. 
CAUTION: Lead isextremely toxici Handle with care. Refer to MSDS for any 
inquiries about reagents or chemicals used in this test. 

SAMPLE SIZE COLLECTION PRESERVATION AND HANDLING: 

Aqueous and leachate samples are to be collected in 500 mL plastic containers 
with teflon lined lids, and preserved to pH  <  2 with nitric acid. Samples should 
be labeled as being preserved. Samples must be analyzed within 6 months of 
collection. Samples will be rejected if container is cracked or broken, at which 
time the immediate supervisor will be notified. 

APPARATUS: 
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1) Varian SpectrAA 400 with double beam, grating monochromator, 
photomultiplier detector, adjustable slits, wavelength range of 190 to 800 nm, 
Zeeman background correction, and interfaced with an IBM computer and dot 
matrix printer. 

2) Zeeman Graphte Tube Atomizer provides power to furnace and 
spectrophotometer. Allows use of two gasses, and requires cooling water. 
Provides temperature range of 40 - 3000 C and heating times of 0- 500 
seconds. Provides gas control between 0 and 3.1 L/ min. 

3) Autosampler with capability of running 45 samples including check standards. 
Dispenses volumes from 1 to 40 uL. 

4) IBM PSl2 Model 30 computer, controls operation of spectrophotometer and 
provides data manipulation and reporting of samples calculaitons. 

5) Citizen dot matrix printer, prints calibration and sample results. 

6) Class A volumetric flasks 

8) Pipets: Microliter, with disposable tips. Sizes can range from 5 to 100 uL as 
required. Pipet tips should be checked as a possible source of contamination 
prior to their use. 

9) Class A volumetric pipets 

10) Analytical balance 

11) Disposable glass serological pipets 

ROUTINE MAINTENANCE: 

Gasses are checked daily to insure adequate pressure. The autosampler parts 
are checked daily. Frunace optics are cleaned twice weekly. Plumbing 
connections, and the furnace are checked as needed. Electrodes are changed 
as needed. Graphite tube is changed as needed. 

REAGENTS AND CALIBRATION STANDARDS: 

1) Deionized water - Type 11 
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2) Nitric Acid - concentrated, trace metals grade (Fisher, AS09-212) 

3) Furnace Stock Calibration Standard: Using a Class A volumetric pipet, dilute 
2.0 mL lead stock (Spex, PLB2-2y), and 4.0 mL concentrated nitric acid, to 200 
mL with DI water in a volumetric flask. This will result in a final concentration of 
10 ppm lead. Dilute stock calibration standard 1:99 with DI water for daily 
calibration. 

4) Furnace ICV/CCV Solutions: Using a 100 uL micropipet and a 10 mL 
disposable glass serological pipet, transfer 0.10 mL QC-19 stock (Spex, QC-19, 
100 ppm) and 2.0 mL concentrated nitric acid to a 100 mL Class A volumetric 
flask. Bring to volume. This will result in a 100 ppb final concentration. Dilute 
1:1 for a working concentration of 50 ppb. 

5) Lead Modifier: Using a Class A volumetric pipet, transfer 1.00 mL phosphoric 
acid into a Class A volumetric flask, partially filled with DI water. Bring to 
volume. 

CALIBRATION PROCEDURES: 

A curve consisting of 5 standards and a blank is analyzed at the beginning of 
each run The curve must demonstrate a correlation coefficient of  >  0.995 to be 
valid. An ICV followed by an ICB are analyzed prior to sample anlaysis. the ICV 
must recover within 20 % of true value, and the ICB must show results less than 
the EQL. After every 10 samples, and at the conclusion of the run, a CCV and 
CCB are analyzed. The CCB and CCV must meet the above stated criteria for 
the ICV and ICB. 

SAMPLE PREPARATION: 

Aqueous: See SOP-MET-3020-1 

ANALYSIS PROCEDURE: 

1) Turn on monitor, computer, Spectra AA 400, Zeeman, Graphic Tube 
Atomizer, 

T& A cooling unit, hood printer, Argon gas at its source: Press F10 (index) on 
computer keyboard. Type 10, press F6 (new page) press F1 (clear sequence). 
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Type the number of the program to be run. Press F6, the program is loaded 
and 

the correct lamp is automatically moved into position. 

2) Swing toggle lever clockwise to release the furnace right hand housing. 
Clean 

furnace housing using a cotton swab and isopropyl rubbing alcohol. Clean a 
graphite tube and its plateform using a Kimwipe. Position graphite platform 

inside 
the plateau tubes so that it is perpendicular to the sample injectlon hole of the 
tube. Place the graphite tube in the furnace housing being careful to align the 
sample introduction hole in the graphite tube to the center of the furnace 

dhimney. 
Swing the toggle lever counter-clockwise in order to close the righthand housing 
onto the tube now positioned inside the furnace housing. 

3) Remove rinse bottle and fill to the line with DI H2O. Clean the blank, 
modifier, 

and standard cups with DI H20 and 1:1 nitric acid. Fill and place these cups in 
their labeled positions on the autosampler tray. 

4) Press F10 (index). Type 8 and press F6 (new page). Press F2 (align 
sampler) 

twice. The sampleing arm will move from its rinse position to the sample 1 
position and then to the sample introductrion hole in the graphite tube. Adjust - 

the 
position of the auto sampler capillary tube inside the hole in the graphite tube 

so 
that it is in the center of this hole. use the backwards and forward adjuster 

along 
with the sideways adjuster to accomplish the correct positioning. 

5) Open syringe compartment door. Put the syringe clear of its mounting and 
remove the plunger from the syringe. While holding a tissue beneath the 

syringe 
press F3 (rinse). Liquid will emerge along with any air bubbles present in the 

line. 
Press F3 (rinse) again, and while solution is dripping from the syringe, carefully 
insert the plunger into the syringe. Reinsert the syringe assembly into its 

housing 
and close the compartment door. 
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6) Press F10 (index). Type 18 and Press F6 (new page). Press F4 (tube 
clean). 

The furnace will heat and clean the graphite tube. Press shift and F11 ( start 
GTA). A trial start will begin. Watch the sampler to ensure it pulls up blank and 
modifier solution into the capillary and is properly injected onto the plateform 
inside the graphite tube. Swing the mirror assembly counter-clockwise to force 

it 
in the path of the UV light and thus putting in view the position of the capillary 
while inside the graphic tube. Ensure that the droplet is placed correctly in the 
tube. Allow the temperature program to go to completion and note the 

anlaytical 
signal. 

7) Press F10 (index). Type 6 and then F6 (new page). Open the Spectra 400 
lamp cover and by turning the two knmobs on the left-hand side of the 

appropriate 
lamp adjust the angle until the lamp peak wavelength has been found (i.e. the 
optimization line is at its furthest most position from the left-hand baseline). 

Note: 
pressing F1 (rescale) allows the wavelength line that may reach a maximum at 
the right hand edge of the screen to rescale at a point near the middle of the 
screen. Once the lamp has sufficiently warmed (approximately 20 minutes from 
the time of the program) the run can be started. 

8) Pour samples to be analyzed into sample cups and place them into the 
autosampler tray. Record position of samples in tray on sample run list log. 

Pour 
check standards into sample cups and place them in their proper positions in 

the 
autosampler tray. Press F10 (index). Type 15 and press F6 (new page). Press 
F11 (start) to begin sample run. 

Specific settings for lead: 

Lead: Program #4, Matrix Modifier - Lead Modifier 
Standard 1= 5.00 ppb, 2= 10.0 ppb, 3= 25.0 ppb, 4= 50.0 ppb, 5= 99.00 ppb 
ICV = 50.0 ppb, CCV = 50.0 ppb 

QUALITY CONTROL: 
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AII quality control data should be maintained and available for easy reference or 
inspection. 

If 10 or more samples per batch are analyzed, the working standard curve must 
be verified by running an additional standard at or near the mid-range every 10 
samples. Checks must be within + 20% of true value. 

At least one preparatory blank, laboratory standard, spike, and duplicate 
sample 

should be run every 20 samples, or with each matrix type to verify precision of 
the 

method. 

Where the sample matrix is so complex the viscosity, surface tension and 
components cannot be accurately matched with standards, the method of 
standard addition may be used. (See below). 

Method of standard additions 

In the simplest version of this method, equal volumes of sample are added to a 
DI 

water blank and to a standard. If a higher degree of accuracy is required, more 
than one addition should be made. The absorbance of each solution is 
determined and then plotted on the vertical axis of a graph, with the 
concentrations of the known standards plotted on the horizontal axis. When the 
resulting line is extrapolated back to zero absorbance, then the point of 
interception of the abscissa is the concentration of the unknown. The abscissa 

on 
the left of the ordinate is salcaled the same as on the right side, but in the 
opposite dirbction from the ordinate. 

The method of standard additions can be very useful; however, for the results to 
be valid the following Iimitations must be taken into consideration: 

1) The absorbance plot of sample and standards must be linear over the 
concentration range of concern. for best results, the slope of the plost should 

be 
nearly the same as the slope of the aqueous standard curve. If the slope is 
significantly different (more than 20%), caution should be used. 

2) The effect of the interference should not vary as the ratio of analyte 
concentration to sample matrix changesk, and tfie standard addition should 



Client: SIMALABS International 
SOP ID: SOP-MET-7421-1 
Rev. Number: 2.0 
Rev. Date: March 5, 1999 
Page: it 

respond in a similar manner as the anlayte. 

3) The determination must be free of spectral interference and corrected for 
nonspecific background interFerence. 

The simplest version of this technique is the single addition method, in which 
two 

identical aliquots of the sample solution, each of Volume V. are taken. To the 
first 

(labeled A) is added a small valume V s  of a standard analyte solution of 
concentrate cs . to the second (labeled B) is added the same volume V, of the 
solvent. The analytical signals of A and B are measured and corrected for 
nonanlyte signals. The unknown sample concentration c x  is calculated: 

cx - SbUsCs / (Sa -Sb)Ux 

where, 

S. and S b  are the analytical signals (corrected for the blank) of solutions a and b 
respectively. V, and c, should be chosen so that S. is roughly twice S b  on the 
average. It is best if V. is made much less than V x  and thus cs  is much greater 
than cx  to avoid excess dilution of the sample matrix. It a searation or 
concentration step is used, the additions are best made first and carried 

throught 
the entire procedure. 

DATA TREATMENT: 

For determination of inetal concentration by direct aspiration and furnace, read 
the metal value in ug/L from the calibration curve or directly from the read-out 
system of the instrument. 

If dilution of sample was required: 

ug/L metal in sample =(A) [(C + B)/C ] 

where, 

A= ug/L of inetal in diluted aliquot from calibration curve 
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B= acid blank matrix used for dilution, mL 
C = sample aliquot, mL 

DATA DELIVERABLES : 

Reports to clients will include: 

-Date of receipt 
-Date of preparation 
-Date of analysis 
-Analyst 
-Matrix 
-Laboratory ID# 
-Client ID# 
-Analytical method # 
-Concentration determined and resulting EQL 
-ICV, CCV, summary form 
-ICB, CCB, prep blank summary form 
-Spike sample recovery form 
-Laboratory control sample summary form 
-All raw data 
-Preparation records 
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STANDARD OPERATINGPROCEDURE 
GRAPHITE FURNACE ATOMIC ABSORPTION ANALYSIS OF ARSENIC 

FOR AQUEOUS SAMPLES 

LOCATION: 

Metals, Metals Laboratory 

REFERENCE: 

SW-846, 3rd Edition, Method 7060 

MATRIX: ' 

Water, Leachate 

DETECTION LIMIT: 

EQL = 10 ug/L; MDL = 2.6 ug/L 

RANGE: 

10 ug/L to 100 ug/L without dilution 

PRINCIPLE SCOPE AND APPLICATION: 

Arsenic in solution may be readily determined by graphite furnace atomic 
absorption spectroscopy. The method is simple; rapid, and applicable to a 
variety of matrices. Samples for totals analysis require digestion prior to 
analysis. 

Detection limits, sensitivity, and optimum ranges of the metals will vary with the 
matrices and models of atomic absorption spectrophotometers. When using 
furnace techniques the analyst should be cautioned as to possible chemical 
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reactions occurring at elevated temperatures which may result in either 
suppression or enhancement of the analysis element. To ensure valid data with 
furnace techniques, the analyst must examine each matrix for interference 
effects. 

When using the furnace technique in conjunction with,.an atomic absorption 
spectrophotometer, a representative aliquot of a sample is placed in the graphite 
tube in the furnace, evaporated to dryness, charred, and atomized. Radiation 
from a given excited element is passed through the vapor containing ground- 
state atoms of that element. The metal atoms to be measured are placed in the 
beam of radiation by increasing the temperature of the furnace, thereby causing 
the injected specimen to be volatilized. A monochromator isolates the discharge 
lamp, and a photosensitive device measures the attenuated transmitted 
radiation. 

INTERFERENCES AND CORRECTIVE ACTION: 

Although the problem of oxide formation is greatly reduced with furnace 
procedures because atomization occurs in an inert atmosphere, the technique is 
still subject to chemical interferences. The composition of the sample matrix can 
have a major effect on the analysis. It is those effects which must be determined 
and taken into consideration in the analysis of each different matrix encountered. 
To help verify the absence of matrix or chemical interference, the serial dilution 
technique may be used. Those samples which indicate the presence of 
interference should be treated in one or more of the following ways: 

(1) Successively dilute and reanalyze the samples to eliminate 
interferences. 

(2) Analyze the sample by method of standard additions while 
noticing the precautions and limitations of its use. 

Gases generated in the furnace during atomization may have molecular 
absorption bands encompassing the analytical wavelength. Background 
correction may also compensate for nonspecific broad-bank absorption 
interference. 

Continuous background correction cannot correct for all types of background 
interference. When the background interference cannot be compensated for, 
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chemically remove the analyte or use an alternate form of background 
correction, e.g. Zeeman background correction. 

Interference from a smoke-producing sample matrix can sometimes be reduced 
by extending the charring time at a higher temperature or utilizing an ashing 
cycle in the presence of air. Care must be taken, however, to prevent loss of the 
analyte. 

Samples containing large amounts of organic materials should be oxidized by 
conventional acid digestion before being placed in the furnace. In this way, 
broad-band absorption will be minimized. 

Anion interference studies in the graphite furnace indicate that, under conditions 
other than isothermal, the nitrate anion is preferred. Therefore, nitric acid is 
preferable for any digestion or solubilzation step. If another acid in addition to 
HNO3  is required, minimum amount should be used. This applies particularly to 
hydrochloric and to a lesser extent to sulfuric and phosphoric acids. 

Cross-contamination and contamination of the sample can be a major source of 
error. The sample preparation work area should be kept scrupulously clean. 
Pipet tips are a frequent source of contamination. If contamination is suspected, 
the tips should be soaked with 1:5 nitric acid and rinsed thoroughly with DI 
water. 

SAFETY PRECAUTIONS: 

Lab coats and safety goggles are to be worn while working with samples, 
especially during digestion procedures. AII instrument vapors are to be vented 
to the exterior of the building, and all digestions are to occur under a fume hood. 

SAMPLE SIZE COLLECTION PRESERVATION AND HANDLING: 

Aqueous and leachate samples are to be collected in 500 ml plastic containers 
with teflon lined lids ;  and preserved to pH < 2 with nitric acid, and cooled to 4°C 
until digestion. Samples must be analyzed within 6 months of collection. 

APPARATUS: 
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1) Varian SpectrAA 400 with double beam, grating monochromator, 
photomultiplier detector, adjustable slits, wavelength range of 190 to 800 nm, 
Zeeman background correction, and interfaced with an IBM computer and dot 
matrix printer. 

2) Zeeman Graphite Tube Atomizer provides po.wer to furnace and 
spectrophotometer. Allows use of two gasses, and requires cooling water. 
Provides temperature range of 40 - 3000 °C and heating times of 0- 500 
seconds. Provides gas control between 0 and 3.1 L/min. 

3) Autosampler with capability of running 45 samples including check standards. 
Dispenses volumes from 1 to 40 ul. 

4) IBM PS/2 Model 30 computer, controls operation of spectrophotometer and 
provides data manipulation and reporting of sample calculations. 

5) Citizen dot matrix printer, prints calibration and sample results. 

6) Class A volumetric pipets 

7) Class A volumetric flasks 

8) Pipets: Microliter, with disposable tips. sizes can range from 5 to 100 uL as 
required. Pipet tips should be checked as a possible sources of contamination 
prior to their use. 

9) Analytical balance 

10) Disposable galss serological pipets 

ROUTINE MAINTENANCE: 

Gasses are checked daily to insure adequate pressure. The autosampler parts 
are checked daily. Furnace optics are cleaned twice weekly. Plumbing 
connections , and the furnace are checked as needed. Electrodes are changed 
as needed. Graphite tube is changed as needed. 

REAGENTS AND CALIBRATION STANDARDS: 
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1) Deionized water - Type II 

2) Nitric Acid - concentrated, trace metals grade (Fisher, AS09-212) 

3) Furnace stock calibration standard: Using a Class A volumetric pipet, dilute 
2.0 ml Arsenic Stock (Spex, PLAS2-2y), and 4.0 ml concentrated nitric acid, to 
200 ml with DI water in a Class A volumetric flask. This will result in a final 
concentration of 10 ppm Arsenic. Dilute stock calibration standard 1:99 with DI 
water for daily calibration. 

4) Furnace ICV/CCV Solutions: Using a 100 uL micropipet and a 10 mL glass 
serological pipet, transfer 0.10 ml QC-19 Stock (SPEX, QC-19, 100 ppm) and 
2.0 mL concentrated nitric acid to a100 ml Class A volumetric flask partially filled 
with DI water. Bring to volume. This will result in a 100 ppb final concentration. 
Dilute 1:1 for a working concentration of 50 ppb. 

5) Nickel Nitrate Modifier: 	Using an analytical balance, weigh 0.4950 g 
Ni(N0X61-1 2O (Malinckrodt, UN2725). 	Using a 10 mL glass disposable 
serological pipet, transfer 5.0 ml concentrated nitric acid into a Class A 
volumetric flask partially filled with DI water. Transfer weighed Ni(NO 3)`6 H20 
into the flask. Bring to volume and mix until dissolved. 

CALIBRATION PROCEDURES: 

A curve consisting of 4 standards and a blank is analyzed at the beginning of 
each run. The curve must demonstrate a correlation coefficient of > 0.995 to be 
valid. An ICV followed by an ICB are analyzed prior to sample analysis. The 
ICV must recover within 20 % of true value, and the ICB must show results less 
than the EQL. After every 10 samples, and at the conclusion of the run, a CCV 
and CCB are analyzed. The CCV and CCB must meet the above stated criteria 
for the ICV and ICB. 

SAMPLE PREPARATION: 

Aqueous: See SOP-MET-3020-1 

ANALYSIS PROCEDURE: 
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1.) Turn on monitor, computer, Spectra AA-400, Zeeman, Graphic Tube 
Atomizer, T& A cooling unit, hood printer, Argon gas at its source. Press 
F10 (index) on computer keyboard. Type 10, press F-6 (new page) press 
F1 (clear sequence). Type the number of the program to be run. Press 
F6, the program is loaded and the correct lamp is automatically moved 
into position. 

2.) Swing toggle lever clockwise to release the furnace right hand housing. 
Clean furnace housing using a cotton swap and isopropyl rubbing 
alcohol. Clean a graphite tube and it's platform using a Kim wipe. 
Position graphite platform inside the plateau tubes so that it is 
perpendicular to the sample injection hole of the tube. Place the graphite 
tube in the furnace housing being careful to align the sample introduction 
hole in the graphite tube to the center of the furnace chimney. Swing the 
toggle lever counter-clockwise in order to close the right-hand housing 
onto the tube now positioned inside the furnace housing. 

3.) Remove rinse bottle and fill to the line with DI H ZO. Clean the Blank, 
Modifier and Standard cups with DI H ZO and 1:1 Nitric acid. Fill and 
place these cups in their labeled positions on the autosampler tray. 

4.) Press F10 (index). Type 8 and press F6 (new page)._Press F2_(align 
sampler) twice. The sampling arm will move from it's rinse position to the 
sample 1 position and than to the sample introduction hole in the 
graphite tube. Adjust the position of the auto sampler capillary tube 
inside the hole in the graphite tube so that it is in the center of this hole. 
Use the backwards and forward adjuster along with the sideways adjuster 
to accomplish the correct positioning. 

5.) Open syringe compartment dodr. Put the syringe clear of it's mounting 
and remove the plunger from the syringe. While holding a tissue 
beneath the syringe press F3 (rinse). Liquid will emerge along with any 
air bubbles present in the line. Press F3 (rinse) again, and while solution 
is dripping from the syringe, carefully insert the plunger into the syringe. 
Re-insert the syringe assembly into it's housing and close the 
compartment door. 

6.) Press F10 (index). Type 18 and Press F6 (new page). Press F4 (tube 
clean). The furnace will heat and clean the graphite tube. Press shift 
and F11 (start GTA). A trial start will begin. Watch the sampler to 
ensure it pulls up blank and modifier soiution into the capillary and is 
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properly injected onto the platform inside the graphite tube. Swing the 
mirror assembly counter-clockwise to force it in the path of the UV light 
and thus putting in view the position of the capillary while inside the 
graphic tube. Ensure that the droplet is placed correctly in the tube. 
Allow the temperature program to go to completion and note the 
analytical signal. 

7.) Press F10 (index). Type 6 and then F6 (new page). Open the Spectra 
400 lamp cover and by turning the two knobs on the left-hand side of the 
appropriate lamp adjust the angle until the lamp peak wavelength has 
been found (i.e. the optimization line is at its furthest most position from 
the left-hand baseline.) 	Note: 	pressing F1 (rescale) allows the 
wavelength line that may reach a maximum at the right hand edge of the 
screen to rescale at a point near the middle of the screen. Once the 
lamp has sufficiently warmed (approximately 20 minutes from the time of 
the program) the run can be started. 

8.) Pour samples to be analyzed into sample cups and place them into the 
autosampler tray. Record position of samples in tray on sample run list 
log. Pour check standards into sample cups and place them in their 
proper positions in the autosampler tray. Press F10 (index). Type 15 
and press F6 (new page). Press F11 (start) to begin sample run. 

Specific settings for Arsenic: 

Arsenic: Program #2, Matrix Modifier - Nickel Nitrate 
Standard 1= 10ppb, 2= 25ppb, 3= 50ppb, 4= 100ppb 
ICV = 50ppb, CCV = 50ppb 

QUALITY CONTROL: 

AII quality control data should be maintained and available for easy reference or 
inspection. 

If 10 or more samples per batch are analyzed, the working standard curve must 
be verified by running an additional standard at or near the mid-range every 10 
samples. Checks must be within + 20% of true value. 
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At least one preparatory blank, laboratory standard, spike and duplicate sample 
should be run every 20 samples, or with each matrix type to verify precision of 
the method. 

Where the sample matrix is so complex the viscosity, surFace tension and 
components cannot be accurately matched with standards, the method of 
standard addition may be used. (See below.) 

Method of standard additions: 

In the simplest version of this method, equal volumes of sample are added to a 
DI water blank and to a standard. If a higher degree of accuracy is required, 
more than one addition should be made. The absorbance of each solution is 
determined and then plotted on the vertical axis of a graph, with the 
concentrations of the known standards plotted on the horizontal axis. When the 
resulting line is extrapolated back to zero absorbance,"then the point of 
interception of the abscissa is the concentration of the unknown. The abscissa 
on the left of the ordinate is scaled the same as on the right side, but in the 
opposite direction from the ordinate. 

The method of standard additions can be very useful; however, for the results to 
be valid the following limitations must be taken into consideration: 

(a) The absorbance plot of sample and standards must be linear over the 
concentration range of concern. For best results, the slope of the plot should be 
nearly the same as the slope of the aqueous standard curve. If the slope is 
significantly difPerent (more than 20%), caution should be exercised. 

(b) The effect of the interference should not vary as the ratio of analyte 
concentration to sample matrix changes, and the standard addition should 
respond in a similar manner as the analyte. 

(c) The determination must be free of spectral interference and corrected for 
nonspecific background interference. 

The simplest version of this technique is the single-addition method, in which 
two identical aliquots of the sample solution, each of Volume V, are taken. To 
the first (labeled A) is added a small volume V. of a standard analyte solution of 
concentrate cs. To the second (labeled B) is added the same volume V s  of the 
solvent. The analytical signals of A and B are measured and corrected for non- 
analyte signals.. The unknown sample concentration c x  is calculated: 
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Cx  = 	SBVs~ 

(SA SB) VX 
where, 

S A  and S B  are the analytical signals (corrected for the blank) of solutions A and 
B, respectively. Vs  and c. should be chosen so that SA  is roughly twice S B  on the 
average. It is best if VS  is made much less than VX, and thus cs  is much greater 
than cx, to avoid excess dilution of the sample matrix. If a separation or 
concentration step is used, the additions are best made first and carried through 
the entire procedure. 

DATA TREATMENT: 

For determination of inetal concentration by direct aspiration and furnace; read 
the metal value in ug/L from the calibration curve or directly from the read-out 
system of the instrument. 

If dilution of sample was required: 

ug/L metal in sample = A x (C ± Bl  
C 

where, 

A= 
from calibration curve 

B= 
dilution, mL 

C= 

DATA DELIVERABLES: 

Reports to client will include: 
- 	Date of receipt 
- 	Date of preparation 
- 	Date of analysis 
- 	Analyst 
- 	Matrix 

ug/L of inetal in diluted aliquot 

Acid blank matrix used for 

sample aliquot, mL 
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- 	Laboratory ID# 
- 	Client ID# 
- 	Analytical method # 
- 	Concentration Determined and resulting EQL 
- 	ICV, CCV Summary form 
- 	ICB, CCB, Prep Blank Summary form 
- 	Spike Sample Recovery form 
- 	Laboratory Control Sample Summary form 
- 	AII Raw Data 
- 	Preparation Records 
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STANDARD OPERATING PROCEDURE 
GRAPHITE FURNACE ATOMIC ABSORPTION ANALYSIS OF SELENIUM 

FOR AQUEOUS SAMPLES 

LOCATION: 

Metals, Metals Laboratory 

REFERENCE: 

SW-846, 3rd Edition, Method 7740 

MATRIX: 

Water, Leachate 

DETECTION LIMIT: 

EQL = 5 ug/L; MDL = 1.6 ug/L 

RANGE: 

5.00 ug/L to 50.0 ug/L without dilution 

PRINCIPLE. SCOPE, AND APPLICATION: 

Selenium in solution may be readily determined by graphite furnace atomic 
absorption spectroscopy. The rnethod is simple, rapid, and applicable to a 
variety of matrices. Samples for totals analysis require digestion prior to 
analysis. 

Detection limits, sensitivity, and optimum ranges of the metals will vary with the 
matrices and models of atomic absorption spectrophotometers. When using 
furnace techniques the analyst should be cautioned as to possible chemical 
reactions occurring at elevated temperatures which may result in either 
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suppression or enhancement of the analysis element. To ensure valid data with 
furnace techniques, the analyst must examine each matrix for interference 
effects. 

When using the furnace technique in conjunction with an atomic absorption 
spectrophotometer, a representative aliquot of a sample is placed in the graphite . 
tube in the furnace, evaporated to dryness, charred, and atomized. Radiation 
from a given excited element is passed through the vapor containing ground- 
state atoms of that element. The metal atoms to be measured are placed in the 
beam of radiation by increasing the temperature of the furnace, thereby causing 
the injected specimen to be volatilized. A monochromator isolates the discharge 
lamp, and a photosensitive device measures the attenuated transmitted 
radiation. 

INTERFERENCES AND CORRECTIVE ACTION: 

Although the problem of oxide formation is greatly reduced with furnace 
procedures because atomization occurs in an inert atmosphere, the technique is 
still subject to chemical interferences. The composition of the sample matrix can 
have a major effect on the analysis. It is those effects which must be determined 
and taken into consideration in the analysis of each difFerent matrix encountered. 
To help verify the absence of matrix or chemical interference, the serial dilution 
technique may be used. Those samples which indicate the presence of 
interference should be treated in one or more of the following ways: 

(1) Successively dilute and reanalyze the samples to eliminate 
interferences. 

(2) Analyze the sample by method of standard additions while 
noticing the precautions and limitations of its use. 

Gases generated in the furnace during atomization may have molecular 
absorption bands encompassing the analytical wavelength. Background 
correction may also compensate for nonspecific broad-bank absorption 
interference. 

Continuous background correction cannot correct for all types of background 
interference. When the background interference cannot be compensated for, 
chemically remove the analyte or use an alternate form of background 
correction; e.g. Zeeman background correction. 
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Interference from a smoke-producing sample matrix can sometimes be reduced 
by extending the charring time at a higher temperature or utilizing an ashing 
cycle in the presence of air. Care must be taken, however, to prevent loss of the 
analyte. 

Samples containing large amounts of organic materials should be oxidized by 
conventional acid digestion before being placed in the ;  furnace. In this way, 
broad-band absorption will be minimized. 

Anion interference studies in the graphite furnace indicate that, under conditions 
other than isothermal, the nitrate anion is preferred. " Therefore, nitric acid is 
preferable for any digestion or solubilzation step. If another acid in addition to 
HNO 3  is required, minimum amount should be used. This applies particularly to 
hydrochloric and to a lesser extent to sulfuric and phosphoric acids. 

Cross-contamination and contamination of the sample can be a major source of 
error. The sample preparation work area should be kept scrupulously clean. 
Pipet tips are a frequent source of contamination. If contamination is suspected, 
the tips should be soaked with 1:5 nitric acid and rinsed thoroughly with DI 
water. 

SAFETY PRECAUTIONS: 

Lab coats and safety goggles are to be worn while working with samples, 
especially during digestion procedures. AII instrument vapors are to be vented 
to the exterior of the building, and all digestions are to occur under a fume hood. 

SAMPLE SIZE COLLECTION PRESERVATION AND HANDLING: 

Aqueous samples are to be collected in 500 mL plastic containers with teflon 
lined lids, preserved to pH < 2 with nitric acid, and cooled to 4°C until digestion. 
Samples must be analyzed within 6 months of collection. 

APPARATUS: 

1) Varian SpectrAA 400 with double beam, grating monochromator ;  
photomultiplier detector, adjustable slits, wavelength range of 190 to 800 nm, 
Zeeman background correction, and interfaced with an IBM computer and dot 
matrix printer. 
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2) Zeeman Graphite Tube Atomizer provides power to furnace and 
spectrophotometer. Allows use of two gasses, and requires cooling water. 
Provides temperature range of 40 - 3000 °C and heating times of 0- 500 
seconds. Provides gas control between 0 and 3.1 L/min. 

3) Autosampler with capability of running 45 samples including check standards. 
Dispenses volumes from 1 to 40 ul. 

4) IBM PS/2 Model 30 computer, controls operation of spectrophotometer and 
provides data manipulation and reporting of sample calculations. 

5) Citizen dot matrix printer, prints calibration and sample results. 

6) Class A volumetric pipets 

7) Class A volumetric flasks 

8) Pipets: Microliter, with disposable tips. sizes can range from 5 to 100 uL as 
required. Pipet tips should be checked as a possible sources of contamination 
prior to their use. 

9) Analytical balance 

10) Disposable glass serological pipets 

ROUTINE MAINTENANCE: 

Gasses are checked daily to insure adequate pressure. The autosampler parts 
are checked daily. Furnace optics are cleaned twice weekly. Plumbing 
connections , and the furnace are checked as needed. Electrodes are changed 
as needed. Graphite tube is changed as needed. 

REAGENTS AND CALIBRATION STANDARDS: 

1) Deionized water - Type II 

2) Nitric Acid - concentrated, trace metals grade (Fisher, AS09-212) 

3) Furnace stock calibration standard: Using a Class A volumetric pipet, dilute 
1.0 ml Selenium Stock (Spex, PLSE2-2y - 100 ppm), and 4.0 ml conceritrated 
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nitric acid, to 200 ml with DI water in a volumetric flask. This will result in a final 
concentration of 5 ppm Selenium. Dilute stock calibration standard 1:99 with DI 
water for daily calibration. 

4) Furnace ICV/CCV Solutions: Using a 100 uL micropipet and a 10 mL glass 
serological disposable pipet, transfer 0.10 ml QC-19 Stock (SPEX , QC-19, 100 
ppm) and 2.0 ml concentrated nitric acid to 100 ml with DI water in a volumetric 
flask. This will result in a 100 ppb final concentration. Dilute 1:3 for a working 
concentration of 25 ppb. 

5) Nickel Nitrate Modifier: 	Using an analytical balance, weigh 0.4950 g 
Ni(NO3)`6H2O (Malinckrodt, UN2725). 	Using a 10 mL glass disposable 
serological pipet, transfer 5.0 ml concentrated nitric acid into a Class A 
volumetric flask partially filled with DI water. Transfer weighed Ni(NO 3) " 6 H20 
into the flask. Bring to volume and mix until dissolved. 

CALIBRATION PROCEDURES: 

A curve consisting of 4 standards and a blank is analyzed at the beginning of 
each run. The curve must demonstrate a correlation coefficient of > 0.995 to be 
valid. An ICV followed by an ICB are analyzed prior to sample analysis. The 
ICV must recover within 20 % of true value, and the ICB must show results less 
than the EQL. After every 10 samples, and at the conclusion of the run, a CCV 
and CCB are analyzed. The CCV and CCB must meet the above stated criteria 
for the ICV and ICB. 

SAMPLE PREPARATION: 

Aqueous: See SOP-MET-3020-1 

ANALYSIS PROCEDURE: 

1.) 	Turn on monitor, computer, Spectra AA-400, Zeeman, Graphic Tube 
Atomizer, T& A cooling unit, hood printer, Argon gas at its source. Press 
F10 (index) on computer keyboard. Type 10, press F-6 (new page) press 
F1 (clear sequence). Type the number of the program to be run. Press 
F6, the program is loaded and the correct lamp is automatically moved 
into position. 
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2.) Swing toggle lever clockwise to release the furnace right hand housing. 
Clean furnace housing using a cotton swap and isopropyl rubbing 
alcohoL Clean a graphite tube and it's platform using a Kim wipe. 
Position graphite platform inside the plateau tubes so that it is 
perpendicular to the sample injection hole of the tube. Place the graphite 
tube in the furnace housing being careful to align the sample introduction 
hole in the graphite tube to the center of the furnace chimney. Swing the 
toggle lever counter-clockwise in order to close the right-hand housing 
onto the tube now positioned inside the furnace housing. 

3.) Remove rinse bottle and fill to the line with DI H ZO. Clean the Blank, 
Modifier and Standard cups with DI H ZO and 1:1 Nitric acid. Fill and 
place these cups in their labeled positions on the autosampler tray. 

4.) Press F10 (index). Type 8 and press F6 (new page). Press F2 (align 
sampler) twice. The sampling arm will move from it's rinse position to the 
sample 1 position and than to the sample introduction hole in the 
graphite tube. Adjust the position of the auto sampler capillary tube 
inside the hole in the graphite tube so that it is in the center of this hole. 
Use the backwards and forward adjuster along with the sideways adjuster 
to accomplish the correct positioning. 

5.) Open syringe compartment door. Put the syringe clear of it's mounting 
and remove the plunger from the syringe. While holding a tissue 
beneath the syringe press F3 (rinse). Liquid will emerge along with any 
air bubbles present in the line. Press F3 (rinse) again, and while solution 
is dripping from the syringe, carefully insert the plunger into the syringe. 
Re-insert the syringe assembly into it's housing and close the 
compartment door. 

6.) Press F10 (index). Type 18 and Press F6 (new page). Press F4 (tube 
clean). The furnace will heat and clean the graphite tube. Press shift 
and F11 (start GTA). A trial start will begin. Watch the sampler to 
ensure it pulls up blank and modifier solution into the capillary and is 
properly injected onto the platform inside the graphite tube. Swing the 
mirror assembly counter-clockwise to force it in the path of the UV light 
and thus putting in view the position of the capillary while inside the 
graphic tube. Ensure that the droplet is placed correctly in the tube. 
Allow the temperature program to go to completion and note the 
analytical signal. 
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7.) Press F10 (index). Type 6 and then F6 (new page). Open the Spectra 
400 lamp cover and by turning the two knobs on the left-hand side of the 
appropriate lamp adjust the angle until the lamp peak wavelength has 
been found (i.e. the optimization line is at its furthest most position from 
the left-hand baseline.) 	Note: 	pressing F1 (rescale) allows the 
wavelength line that may reach a maximum at the right hand edge of the 
screen to rescale at a point near the middle of : the screen. Once the 
lamp has sufficiently warmed (approximately 20 "minutes from the time of 
the program) the run can be started. 

8.) Pour samples to be analyzed into sample cups and place them into the 
autosampler tray. Record position of samples in tray on sample run list 
log. Pour check standards into sample cups and place them in their 
proper positions in the autosampler tray. Press F10 (index). Type 15 
and press F6 (new page). Press F11 (start) to begin sample run. 

Specific settings for Selenium: 

Selenium: 	Program #10, Matrix Modifier,- Nickel Nitrate 
Standard 1= 5ppb, 2= 10ppb, 3= 25ppb, 4= 50ppb 
ICV = 25ppb, CCV = 25ppb 

QUALITY CONTROL : 

AII quality control data should be maintained and available for easy reference or 
inspection. 

If 10 or more samples per batch are analyzed, the working standard curve must 
be verified by running an additional standard at or near the mid-range every 10 
samples. Checks must be within + 20% of true value. 

At least one preparatory blank, laboratory standard, spike and duplicate sample 
should be run every 20 samples, or with each matrix type to verify precision of 
the method. 

Where the sample matrix is so complex the viscosity, surface tension and 
components cannot be accurately matched with standards, the method of 
standard addition may be used. (See below.) 

Method of standard additions: 
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In the simplest version of this method, equal volumes of sample are added to a 
DI water blank and to a standard. If a higher degree of accuracy is required, 
more than one addition should be made. The absorbance of each solution is 
determined and then plotted on the vertical axis of a graph, with the 
concentrations of the known standards plotted on the horizontal axis. When the 
resulting line is extrapolated back to zero absorbance, then the point of 
interception of the abscissa is the concentration of the unknown. The abscissa 
on the left of the ordinate is scaled the same as on the right side, but in the 
opposite direction from the ordinate. 

The method of standard additions can be very useful; however, for the results to 
be valid the following limitations must be taken into consideration: 

(a) The absorbance plot of sample and standards must be linear over the 
concentration range of concern. For best results, the slope of the plot should be 
nearly the same as the slope of the aqueous standard curve. If the slope is 
significantly different (more than 20%), caution should be exercised. 

(b) The effect of the interference should not vary as the ratio of analyte 
concentration to sample matrix changes, and the standard addition should 
respond in a similar manner as the analyte. 

(c) The determination must be free of spectral interference and corrected for 
nonspecific background interference. 

The simplest version of this technique is the single-addition method, in which 
two identical aliquots of the sample solution, each of Volume V x, are taken. To 
the first (labeled A) is added a small volume V. of a standard analyte solution of. 
concentrate c.. To the second (labeled B) is added the same volume V, of the 
solvent. The analytical signals of A and B are measured and corrected for non- 
analyte signals. The unknown sample concentration c x  is calculated: 

cx = 	SaUs—CS 
(Sa SB) Vx 

where, 

S,, and S. are the analytical signals (corrected for the blank) of solutions A and 
B, respectively. Vs  and c. should be chosen so that S A  is roughly twice S B  on the 
average. It is best if Vs  is made much less than VX , and thus c. is much greater 
than c„, to avoid excess dilution of the sample matrix. If a separation or 



Client: SIMALABS International 
SOP ID: 	SOP-MET-7740-1 
Rev. Number: 3.0 
Rev. Date: March 1, 1996 
Page: 9 

concentration step is used, the additions are best made first and carried through 
the entire procedure. 

DATA TREATMENT: 

For determination of inetal concentration by direct aspiratj.on and furnace; read 
the metal value in ug/L from the calibration curve or directly from the read-out 
system of the instrument. 

If dilution of sample was required: 

ug/L metal in sample = A x(C + B) 
C 

where, 

A= ug/L of inetal in diluted aliquot from calibration curve. 
B= Acid blank matrix used for dilution, mL 
C = Sample aliquot, mL 

DATA DELIVERABLES: 

Reports to client will include: 
- 	Date of receipt 
- 	Date of preparation 
- 	Date of analysis 
- 	?.nalyst 
- 	Matrix 
- 	Laboratory ID# 
- 	Client ID# 
- 	Analytical method # 
- 	Concentration Determined and resulting EQL 
- 	ICV, CCV Summary form 
- 	ICB, CCB, Prep Blank Summary form 
- 	Spike Sample Recovery form 
- 	Laboratory Control Sample Summary form 
- 	AII Raw Data 
- 	Preparation Records 



Client: 	 SIMAIABS International 
SOP ID: SOP-MET-7740-1  
Rev. Number: 	3.0 
Rev. Date: 	March 1, 1996 
Page: 	 10 



Client: 
	 SIMALABS International 

SOP ID: 
	 SOP-MET-7841-1 

Rev.Number: 
	

2.0 

Rev. Date: 
	 March 1. 1996 

Standard Operating Procedure For 
Graphite Furnace Atomic Absorption Analysis of Thallium 

For Aqueous Samples 

Prepared For SIMALABS International 
Metals, Metals Laboratory 

SW-846, 3rd Edition, Method 7841 

Revision # 2.0 
Issued: March 1, 1996 

~ ( 

Immadiate Sup rvisor 

W Is up visor 

QA/Q Officer 

Analyst 

3/,~) 9 `I  

Date 

3 
Date 

U ~ fa 
3(gj  -11  

Date 

Effective: March 1. 1996 

CAUTION 
®isclaimer: This Standard Operating Procedure has been prepared for the 
sole use of SIMALABS International and may not be specifically applicable 

to the activities of other organizations. 



Client: SIMALABS International 
SOP ID: SOP-MET-7841-1 
Rev. Number: 2.0 
Rev. Date: March 1, 1996 

TABLE OF CONTENTS 

SUBHEADING 	 PAGE 

Location 1 

Reference 1 

Matrix 1 

Detection Limit 1 

Range 1 

Principle, Scope, & Application 1 

InterFerences & Corrective Action 2 

Safety Precautions 3 

Sample Size, Collection Preservation & Handling 3 

Apparatus 3 

Routine Maintenance 4 

Reagents & Calibration Standards 4 

Calibration Procedures 5 

Sample Preparation 5 

Standard Preparation 5 

Analysis Procedure . 5 

Quality Control 7 

Data Treatment 8 

Data Deliverables 9 



Client: SIMALABS International 
SOP ID: SOP-MET-7841-1 
Rev. Number: 3.0 
Rev. Date: March 1, 1996 
Page: 1 

STANDARD OPERATING PROCEDURE 
GRAPHITE FURNACE ATOMIC ABSORPTION ANALYSIS OF THALLIUM  

FOR AQUEOUS SAMPLES 

LOCATION : 

Metals, Metals Laboratory 

REFERENCE : 

SW-846, 3rd Edition, Method 7841 

MATRIX: 

Water. Leachate 

DETECTION LIMIT: 

EQL = 5 ug/L; MDL = 0.71 ug/L 

RANGE: 

5 ug/L to 50 ug/L without dilution 

PRINCIPLE SCOPE, AND APPLICATION: 

Thallium in solution may be readily determined by graphite furnace atomic absorption 
spectroscopy. The method is simple, rapid, and applicable to a variety of matrices. Samples 
fortotals analysis require digestion priorto analysis. 

Detection limits, sensitivity, end optimum ranges of the metals will vary with the matrices and 
models of atomic absorption spectrophotometers. When using furnace techniques the analyst 
should be cautioned as to possible chemical reactions occurring at elevated temperatures which 
may result in either suppression or enhancement of the analysis element. To ensure valid data 
with furnace techniques, the analyst must examine each matrix for interference effects. 

When using the furnace technique in conjunction with an atomic absorption spectrophotometer, a 
representative aliquot of a sample is placed in the graphite tube in the furnace, evaporated to 
dryness, charred, and atomized. Radiation from a given excited element is passed through the 
vapor containing ground-state atoms of that element. The metal atoms to be measured are 
placed in the beam of radiation by increasing the temperature of the furnace, thereby causing the 
injected specimen to be volatilized. A monochromator isolates the discharge lamp, and a 
photosensitive device measures the attenuated transmitted radiation. 
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INTERFERENCES AND CORRECTIVE ACTION: 

Although the problem of oxide formation is greatly reduced with furnace procedures because 
atomization occurs in an inert atmosphere, the technique is , still subject to chemical 
interferences. The composition of the sample matrix can have a major effect on the analysis. It 
is those effects which must be determined and taken into consideration in the analysis of each 
different matrix encountered. To help verify the absence of matrix or chemical interference, the 
serial dilution technique may be used. Those samples which indicate the presence of 
interference should be treated in one or more of the following ways: 

(1) Successively dilute and reanalyze the samples to eliminate 
interferences. 

(2) Analyze the sample by method of standard additions while noticing the 
precautions and timitations of its use. 

Gases generated in the furnace during atomization may have molecular absorption bands 
encompassing the analytical wavelength. Background correction may also compensate for 
nonspecific broad-bank absorption interference. 

Continuous background correction cannot correct for alf types of background interference. VVhen 
the background interference cannot be compensated for, chemically remove the analyte or use 
an alternate form of background correction, e.g. Zeeman background correction. 

Interference from a smoke-producing sample matrix can sometimes be reduced by extending the 
charring time at a higher temperature or utilizing an ashing cycle in the presence of air. Care 
must be taken, however, to prevent loss of the analyte. 

Samples containing Iarge amounts of organic materials should be oxidized by conventional acid 
digestion before being placed in the furnace. In this way, broad-band absorption will be 
minimized. 

Anion interference studies in the graphite furnace indicate that, under conditions other than 
isothermal, the nitrate anion is preferred. Therefore, nitric acid is preferable for any digestion or 
solubilzation step. If another acid in addition to HNO 3  is required, minimum amount should be 
used. This applies particularly to hydrochloric and to a lesser extent to sulfuric and phosphoric 
acids. 

Cross-contamination and contamination of the sample can be a major source of error. The 
sample preparation work area should be kept scrupulously clean. Pipet tips are a frequent 
source of contamination. If contamination is suspected, the tips should be soaked with 1:5 nitric 
acid and rinsed thoroughly with DI water. 

SAFETY PRECAUTIONS: 
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Lab coats and safety goggles are to be worn while working with samples, especially during 
digestion procedures. AII instrument vapors are to be vented to the exterior of the building, and 
all digestions are to occur under a fume hood. 

SAMPLE SIZE COLLECTION PRESERVATION AND HANDLING' 

Aqueous and leachate samples are to be collected in 500 ml plastic containers with teflon lined 
lids, and preserved to pH < 2 with nitric acid, and cooled to 4 °C until digestion. Samples must be 
analyzed within 6 months of collection. 

APPARATUS:  

1) Varian SpectrAA 400 with double beam, grating monochromator, photomultiplier detector, 
adjustable slits, wavelength range of 190 to 800 nm, Zeeman background correction, and 
interfaced with an IBM computer and dot matrix printer. 

2) Zeeman Graphite Tube Atomizer provides power to furnace and spectrophotometer. Allows 
use of two gasses, and requires cooling water. Provides temperature range of 40 - 3000 °C and 
heating times of 0- 500 seconds. Provides gas control between 0 and 3.1 L/min. 

3) Autosampler with capability of running 45 samples including check standards. Dispenses 
volumes from 1 to 40 ul. 

4) IBM PS/2 Model 30 computer, controls operation of spectrophotometer and provides data 
manipulation and reporting of sample calculations. 

5) Citizen dot matrix printer, prints calibration and sample results. 

6) Class A volumetric pipets 

7) Class A volumetric flasks 

8) Pipets: Microliter, with disposable tips. sizes can range from 5 to 100 uL as 
required. Pipet tips should be checked as a possible sources of contamination 
prior to their use. 

9) Analytical balance 

10) Disposable glass serological pipets 

ROUTINE MAINTENANCE: 

Gasses are checked daily to insure adequate pressure. The autosampler parts are checked 
daily. Furnace optics are cleaned twice weekly. Plumbing connections , and the furnace are 
checked as needed,. Electrodes are changed as needed. Graphite tube is changed as needed. 
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REAGENTS AND CALIBRATION STANDARDS: 

1) Deionized water- Type II 

2) Nitric Acid - concentrated, trace metals grade (FISHER AS09-212) 

3) Furnace stock calibration standard: Using a Class A volumetric pipet, dilute 1.0 ml Thallium 
Stock (Spex, QC-19 - 100 ppm), and 4.0 ml concentrated nitric acid, to 200 ml with DI water in a 
Class A volumetric flask. This will result in a final concentration of 5 ppm Thallium. Dilute stock 
calibration standard 1:99 with DI water for daily calibration. 

4) Furnace ICV/CCV Solutions: Using a 100 uL micropipet and a 10 mL glass serological pipet, 
transfer 0.10 ml QC-19 Stock (SPEX - QC-19, 100 ppm) and 2.0 ml concentrated nitric acid to a 
100 ml Class A volumetric flask partially filled with DI water. Bring to volume. Dilute this 
solution 1:3, which will result in a 25 ppb final concentration. 

5) Citric Acid & Palladium Modifier: Using an analytical balance, weigh 5.00g Citric Acid. (Fisher, 
A104-500) and transfer to a 100 mL Class A volumetric flask. Dilute to volume. Combine with 
100 ml of 1000 ppm Palladium stock (Fisher, PLPD3-2y). 

CALIBRATION PROCEDURES: 

A curve consisting of 4 standards and a blank is analyzed at the beginning of each run. The 
curve must demonstrate a correlation coefficient of > 0.995 to be valid. An ICV followed by an 
ICB are analyzed prior to sample analysis. The ICV must recover within 20 % of true value, and 
the ICB must show results less than the EQL. After every 10 samples, and at the conclusion of 
the run, a CCV and CCB are analyzed. The CCV and CCB must meet the above stated criteria 
forthe ICV and ICB. 

SAMPLE PREPARATION: 

Aqueous: See SOP-MET-3020-1 

ANALYSIS PROCEDURE: 

1.) Turn on monitor, computer, Spectra AA-400, Zeeman, Graphic Tube Atomizer, T& A 
cooling unit, hood printer, Argon gas at its source. Press F10 (index) on computer 
keyboard. Type 10, press F-6 (new page) press F1 (clear sequence). Type the number 
of the program to be run. Press F6, the program is loaded and the correct lamp is 
automatically moved into position. 

2.) Swing toggle lever clockwise to release the furnace right hand housing. Clean furnace 
housing using a cotton swap and isopropyl rubbing alcohol. Clean a graphite tube and 
it's platform using a Kim wipe. Position graphite platform inside the plateau tubes so 
that it is perpendicular to the sample injection hole of the tube. Place the graphite tube 
in the furnace housing being careful to align the sample introduction hole in the graphite 
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tube to the center of the furnace chimney. Swing the toggle lever counter-clockwise in 
order to close the right-hand housing onto the tube now positioned inside the furnace 
housing. 

3.) Remove rinse bottle and fill to the line with DI H zO. Clean the Blank, Modifier and 
Standard cups with DI H 20 and 1:1 Nitric acid. Fill and place these cups in their labeled 
positions on the autosampler tray. 

4.) Press F10 (index). Type 8 and press F6 (new page)._Press F2_(align sampler) twice. 
The sampling arm will move from it's rinse position to the sample 1 position and than to 
the sample introduction hole in the graphite tube. Adjust the position of the auto 
sampler capillary tube inside the hole in the graphite tube so that it is in the center of 
this hole. Use the backwards and fonaard adjuster along with the sideways adjuster to 
accomplish the correct positioning. 

5.) Open syringe compartment door. Put the syringe clear of it's mounting and remove the 
plunger from the syringe. While holding a tissue beneath the syringe press F3 (rinse). 
Liquid will emerge along with any air bubbles present in the line. Press F3 (rinse) again, 
and while solution is dripping from the syringe, carefully insert the plunger into the 
syringe. Re-insert the syringe assembly into it's housing and close the compartment 
door. 

6.) Press F10 (index). Type 18 and Press F6 (new page). Press F4 (tube clean). The 
furnace will heat and clean the graphite tube. Press shift and F11 (start GTA). A trial 
start will begin. Watch the sampler to ensure it pulls up blank and modifier solution into 
the capillary and is properly injected onto the platform inside the graphite tube. Swing 
the mirror assembly counter-clockwise to force it in the path of the UV light and thus 
putting in view the position of the capillary while inside the graphic tube. Ensure that 
the droplet is placed correctly in the tube. Allow the temperature program to go to 
completion and note the analytical signal. 

7.) Press F10 (index). Type 6 and then F6 (new page). Open the Spectra 400 lamp cover 
and by turning the two knobs on the left-hand side of the appropriate lamp adjust the 
angle until the lamp peak wavelength has been found (i.e. the optimization line is at its 
furthest most position from the left-hand baseline.) Note: pressing F1 (rescale) allows 
the wavelength line that may reach a maximum at the right hand edge of the screen to 
rescale at a point near the middle of the screen. Once the lamp has sufficiently warmed 
(approximately 20 minutes from the time of the program) the run can be started. 

8.) Pour samples to be analyzed into sample cups and place them into the autosampler 
tray. Record position of samples in tray on sample run list log. Pour check standards 
into sample cups and place them in their proper positions in the autosampler tray. 
Press F10 (index). Type 15 and press F6 (new page). Press F11 (start) to begin 
sample run. 
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Specific settings for Thallium 

Thalllum: 	Program #5, Matrix Modifier- Citric Acid & Palladium 
Standard 1= 5 ppb, 2= 10 ppb, 3= 25 ppb, 4= 50 ppb 
ICV = 25 ppb, CCV = 25 ppb 

QUALITY CONTROL : 

AII quality control data should be maintained and available for easy reference or inspection. 

If 10 or more samples per batch are analyzed, the working standard curve must be verified by 
running an additional standard at or near the mid-range every 10 samples. Checks must be 
within + 20% of true value. 

At least one preparatory blank, laboratory standard, spike and duplicate sample should be run 
every 20 samples, or with each matrix type to verify precision of the method. 

Where the sample matrix is so complex the viscosity, surface tension and components cannot 
be accurately matched with standards, the method of standard addition may be used. (See 
below.) 

Method of standard additions: 

In the simplest version of this method, equal volumes of sample are added to a DI water blank 
and to a standard. If a higher degree of accuracy is required, more than one addition should be 
made. The absorbance of each solution is determined and then plotted on the vertical axis of a 
graph, with the concentrations of the known standards plotted on the horizontal axis. When the 
resulting line is extrapolated back to zero absorbance, then the point of interception of the 
abscissa is the concentration of the unknown. The abscissa on the left of the ordinate is scaled 
the same as on the right side, but in the opposite direction from the ordinate. 

The method of standard additions can be very useful; however, for the results to be valid the 
following limitations must be taken into consideration: 

1) The absorbance plot of sample and standards must be linear overthe concentration range of 
concern. For best results, the slope of the plot should be nearly the same as the slope of the 
aqueous standard curve. If the slope is significantly different (more than 20%), caution should 
be exercised. 

2) The effect of the interFerence should not vary as the ratio of analyte concentration to 
sample matrix changes, and the standard addition should respond in a similar manner as the 
analyte. 

3) The determinetion must be free of spectral interference and corrected for nonspecific 
background interference. 

The simplest version of this technique is the single-addition method, in which two identical_ 
aliquots of the sample solution, each of Volume V x, are taken. To the first (labeled A) is added a 
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small volume Vs  of a standard analyte solution of concentrate c,. To the second (labeled B) is 
added the same, volume V. of the solvent. The analytical signals of A and B are measured and 
corrected for non-analyte signals. The unknown sample concentration c x  is calculated: 

SeU c 
(SA  S e) Vx  

where, 

S, and S B  are the analytical signals (corrected for the blank) of solutions A and B, respectively. 
V. and c. should be chosen so that S A  is roughly twice S B  on the average. It is best if V s.is made 
much less than VX, and thus c. is much greater than cx , to avoid excess dilution of the sample 
matrix. If a separation or concentration step is used, the additions are best made first and 
carried through the entire procedure. 

DATA TREATMENT: 

For determination of inetal concentratfon by direct aspiration and fumace; read the metal value 
in ug/L from the calibration curve or directly from the read-out system of the instrument. 

If dilution of sample was required: 

ug/L metal in sample = 	A x 	C+ B 
C 

where, 
A= 	ug/L of inetal in diluted aliquot from calibration cu ve 

B= 	Acid blank matrix used for dilution, mL 
C = 	sample aliquot, mL 

DATA DELIVERABLES: 

Reports to client will include: 
- 	Date of receipt 
- 	Date of preparation 
- 	Date of analysis 
- 	Analyst 
- 	Matrix 
- 	Laboratory ID# 
- 	ClientlD# 
- 	Analytical method # 
- 	Concentration Determined and resulting EQL 
- 	ICV, CCV Summary form 
- 	ICB, CCB, Prep Blank Summary form 
- 	Spike Sample Recovery form 
- 	Laboratory Control Sample Summary form 
- 	AII Raw Data 

Preparation Records 
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2.0 SCOPE AN® APPLiCATlON 

2.1 This procedure is for the preparation of samples for Pesticide, Polychlorinated 
Biphenyl, Polyaromatic Hydrocarbon, and Semi-Volatile Organic Analytes using 
ultrasonic extraction. This procedure is applicable to the preparation of solid 
matrix samples. 

3.0 SUMMARY 

3.1 This process involves the isolation and concentration of organic compounds from 
non-aqueous samples for a variety of chromatographic techniques. The sonication 
process is used to ensure intimate contact of the sample rriatrix with the extraction 
solvent. 

3.2 A measured volume of sample, usually 30 grams, is mixed with a drying agent to 
form a free flowing powder. This mixture is then serially extracted with solvent 
using a sonicator. The extract is dried, concentrated, and, as necessary, 
exchanged into a solvent compatible with the cleanup or analytical method used. 

4.0 ®EFINITIONS 

4.1 Aliquot — A measured portion of a sample, or solution, taken for sample preparation 
or analysis. 

4.2 Analyte —The specific component measured in a chemical analysis. 

4.3 Blank — An artificial sample designed to assess specific sources of laboratory 
contamination. There are several types of blanks, which monitor a variety of 
processes: 

• Field Blank — blanks that are collected in the field and analyzed to determine 
the level of contamination introduced into the sample due to sampling 
technique. 

• Method Blank —An aliquot of lab pure water or solid matrix taken through 
sample preparation (when required) and analysis. It is a test for contamination 
in sample preparation and analyses. Also referred to as a Method Blank. 

4.4 Holding Time — The maximum storage time allowed between sample collection and 
sample analysis when the designated preservation and storage techniques are 
employed. 

4.5 Laboratory Control Sample (LCS) — An aliquot of laboratory pure reagent spiked with 
target analytes or compounds representative of target analytes. The sample is 
carried through the entire analytical process and analyte recovery is used to monitor 
method performance. Also referred to as a laboratory fortified blank (LFB). 

Page 3 of 11 
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4.6 Laboratory Control Sample Duplicate (LCSD) — An aliquot of laboratory pure reagent 
spiked with the identical amount(s) of target analyte(s) as the LCS. Results of the 
two spikes are used to assess both the bias and precision of a method with a given 
sample matrix. Also referred to as a laboratory fortified blank duplicate (LFB DUP). 

4.7 Matrix — The component or substrate which may contain the analyte of interest. 
Matrices are limited to the following: aqueous (includes extracts from the TCLP or 
other extraction procedure, groundwater, surface water, and wastewater), drinking 
water (potable water and laboratory pure water), non-aqueous Iiquid (organic liquid 
having <15% settleable solids), and solid (includes sediment, sludge, and soil). 

4.8 Matrix Spike (MS) —An aliquot of a sample that is spiked with a known amount of 
target analyte(s). Recovery of the matrix spike, expressed as percent recovery, is 
used to assess the bias of a method iri a given sample matrix. Also referred to as a 
laboratory fortified sample matrix (LFSM). 

4.9 Matrix Spike Duplicate (MSD) — An aliquot of the same sample used for the MS, 
spiked with the identical amount(s) of target analyte(s) as the MS. Results of the 	-. 
two spikes are used to assess both the bias and precision of a method with a given 
sample matrix. Also referred to as a laboratory fortified sample matrix duplicate 
(LFSM DUP). 

4.10 Preparation Batch —A group of samples of similar composition which are prepared 
together using the same method, reagents and apparatus within a 24 hour calendar 
day or every 20 samples, whichever is more frequent. Typically, these are samples 
in the same batch ID in the LIMS. 

4.11 Preservative — A reagent added to a sample, or an action used, to prevent or slow 
decomposition or degradation of a target analyte or a physical process. Thermal and 
chemical preservation may be used in tandem to prevent sample deterioration. 

4.12 Sample — A portion of material supplied by the client for analysis. 

4.13 Sample Duplicate — Two aliquots of the same sample processed independently. This 
monitors precision of the analysis. Precision results are reported as relative percent 
difference (RPD). 

4.14 Solvent exchange — Adding a different solvent other than the original extraction 
solvent and evaporating off the original solvent. 

5.0 INTERFERENCES 

5.1 InterFerences that co-elute vary considerably from sample to sample. 

5.2 If the analysis of an extracted sample is prevented due to matrix interferences, 
further clean-up of the extract may be required. 
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5.3 Phthalate esters can contaminate many types of plasticware and glassware 
products used in the lab. Plastics, in particular, must be avoided because 
phthalates are commonly used in plasticizers and are easily extracted from plastic 
materials. Phthalate contamination may easily result any time that consistent 
adherence to the quality control requirements are not practiced. 

5.4 Soap residue may cause the degradation of certain analytes especially aldrin, 
heptachlor, and most organophosphorus pesticides. Strict adherence to the 
Glassware Washing SOP is required. 

6.0 SAFETY  

6.1 Eye protection must be worn at all times while in the laborafory. 

6.2 Lab coats and gloves are recommended. Avoid direct contact with reagents, 
standards, and/or samples. 

6.3 Consult the Material Safety Data Sheets (MSDS) for each chemical used for 
information regarding fire hazard, toxicity, first aid, storage, disposal, spill 
procedures, and recommended protective equipment. 

6.4 Chemicals having the potential to produce toxic fumes must be handled in a fume 
hood. 

7.0 EQUIPMENT AND SUPPLIES 

7.1 AII volumetric glassware used shall be ASTM Class A. 

7.2 Turbo Vap II concentrator (water bath = 33 °C) and tubes 

7.3 Sonicator 

7.4 250 ml glass beakers 

7.5 Glass funnels 

7.6 Filter paper (Fisher P-8 or equivalent) 

7.7 Disposable pipettes, 1 and 10 ml 

7.8 Graduated cylinders, glass, 100 and 1000 ml 

7.9 2 ml autosampler vials and caps 

7.10 Test tubes with caps 

8.0 REAGENTS AND STANDARDS 
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8.1 	AII reagents used must be analytical reagent (AR) grade or higher. AII standards 
must be traceable to NIST, when available. Certificates of traceability must be 
obtained from the manufacturer. AII reagents and standards must be documented 
in the appropriate preparation logbook. 

8.2 Reagents 

8.2.1 Lab pure water 

8.2.2 Acetone(C 3 H 60) 

8.2.3 Acetonitrile (C 2H 3N) 

8.2.4 Hexane (C 6 H 14) 

8.2.5 Methanol (CH40, also noted as MeOH) 

8.2.6 Methylene chloride (CH 2 Cl 2) 

8.2.7 Sodium sulfate (Na 2SO4 ) 

8.3 Standards 

8.3.1 Stock Base-Neutral Spike Standard, 1000 ug/ml each: Supelco #502294. See 
table in section 18.0 for compound list. 

8.3.2 Stock Acid Spike Standard, 2000 ug/ml each: Supelco #502308. See table in 
section 18.0 for compound list. 

8.3.3 SVOA Spike: In a 50 ml volumetric flask, dilute 2.5 ml of the stock base-neutral 
spike standard and 2.5 ml of the stock acid spike standard to the mark with 
MeOH. This prepares a standard containing the base-neutral compounds at 50 
ug/ml and the acid compounds at 100 ug/ml. Add 1 ml of this solution to the 
LCS, MS, and MSD samples. 

8.3.4 Stock Base-Neutral Surrogate Standard, 5000 ug/ml each: Supelco #4-7262. 
See table in section 18.0 for compound list. 

8.3.5 Stock Acid Surrogate Standard, 10,000 ug/mI each: Supelco #4-7261. See table 
in section 18.0 for compound list. 

8.3.6 SVOA Surrogate Standard: In a 100 ml volumetric flask, dilute 2.0 ml of the stock 
base-neutral surrogate standard and 1.5 ml of the stock acid surrogate standard 
to the mark with MeOH. This prepares a standard containing the base-neutral 
compounds at 100 ug/ml and the acid compounds at 150 ug/ml. Add 1 mI of 
this solution to all samples. 
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8.3.7 PNA-IL Surrogate Standard, 10 ug/ml each: Ina 200 mi volumetric flask, dilute 
500 ul of the stock base-neutral surrogate standard to the mark with MeOH. Add 
1 ml of this solution to all samples. 

8.3.8 Stock PNA-IL Spike Standard, 2000 ug/ml each: Accustandard #Z-014G-R-PAK. 

8.3.9 PNA-IL Spike Standard, 10 ug/ml each: In a 100 ml volumetric flask, dilute 500 ul 
of the stock PNA-IL spike standard to the mark with MeOH. Add 1 ml of this 
solution to the LCS, MS, and MSD samples. 

8.3.10 Stock Phenol Surrogate Standard, 2000 ug/ml each: Accustandard #M-8040-SS- 
PAK contains 2-Fluorophenol and 2,4,6-Tribromophenol. 

8.3.11 Phenol Surrogate Standard, 100 ug/ml: In a 25 ml volumetric flask, dilute 1.25 ml 
of the stock phenol surrogate standard to the mark with acetone. Add 1 ml of 
this solution to all samples. 

8.3.12 Stock HPLC PNA Surrogate Standard, 2000 ug/ml: Accustandard #M-625-04- 
10X contains Decachlorobiphenyl (DCB). 

8.3.13 HPLC PNA Surrogate Standard, 50 ug/ml: In a 50 ml volumetric flask, dilute 1.25 
ml of the stock HPLC PNA surrogate standard to the mark with acetonitrile. Add 
1 ml of this solution to all samples. 

8.114 Stock PCB Spike Standard, 1000 ug/ml: Supelco #4-4809 contains Aroclor 1260. 

8.3.15 PCB Spike Standard, 5 ug/ml: In a 100 ml volumetric flask, dilute 500 ul of the 
stock PCB spike standard to the mark with hexane. Add 1 ml of this solution 
to the LCS, MS, and MSD. 

8.3.16 Stock Pesticide Spike Standard, 2000 ug/ml each: Supelco #4-8913. See the 
table in section 18.0 for the compound list. 

8.3.17 Pesticide Spike Standard, 0.5 ug/ml each: In a 100 ml volumetric flask, dilute 25 
ul of the stock pesticide spike standard to the mark with acetohe. Add 1 ml of 
this solution to the LCS, MS, and MSD. 

8.3.18 Stock Pest/PCB Surrogate Standard, 200 ug/ml each: Accustandard #CLP-032-K 
contains DCB and TCMX. 

8.3.19 Pest/PCB Surrogate Standard, 0.2 ug/ml each: In a 200 ml volumetric flask, 
dilute 200 ul of the stock pest/PCB surrogate standard to the mark with hexane. 
Add 1 mi of this solution to all samples. 

9.0 SAMPLE COLLECTION PRESERVATION AND HOLDING TIMES 

9.1 The client or other trained personnel collectsamples. Samples received at the 
laboratory are considered representative unless otherwise noted. 
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9.2 Samples should be collected in a clean glass container. Preservation consists of 
storage in the range of 0.1-6°C. 

9.3 Preparation must be performed within the maximum allowable hold time of 14 days 
from collection. 

10.0 QUALITY CONTROL 

10.1 A Laboratory Control Standard must be extracted with each batch of maximum 20 
samples and at a minimum of one per day analyzed. 

10.2 A Method Blank must be extracted with each LCS. 

10.3 A Matrix Spike and Matrix Spike Duplicate sample must be extracted with each 
group of maximum 10 samples at a minimum of one per day extracted for the 600 
series methods with the exception of inethod 625, and with each group of 
maximum 20 samples at a minimum of one per day extracted for the 8000 series 
methods and method 625. If insufficient sample exists for the preparation of a 
MS/MSD, a duplicate LCS (i.e. LCSD) should be extracted. 

11.0 CALIBRATION AND STANDARDIZATION 

11.1 Perform the required preventative maintenance as necessary. 

11.2 Check water level in the Turbo Vap II. Add DI water as needed. 

11.3 Check temperature of the Turbo Vap II water bath and adjust as needed. 

11.4 Verify or calibrate the balance on a daily basis. 

12.0 PROCEDURE 

12.1 Rinse all glassware and the sonicator probe with acetone. 

12.2 Triple rinse all glassware and the sonicator probe with methylene chloride. 

12.3 Transfer 30 g of a well mixed sample into beaker and record weight to the nearest 
tenth of a gram. 

12.4 Add enough sodium sulfate to beaker to dry sample, and mix. 

12.5 Add surrogates and spikes to appropriate samples and record type, lot number, 
and amount added. 

12.6 Add 60 ml methylene chloride to beaker. 

12.7 Sonicate for 3 minutes. 
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12.8 Prepare a funnel with filter paper and sodium sulfate. 

12.9 Rinse filter with approximate!y 20 ml of inethylene chloride and discard the 
methylene chloride. 

12.10 Pour extract from beaker through filter into a concentrator tube. 

12.11 Repeat steps 12.6, 12.7,and 12.10 two more times. 

12.12 Rinse fi!ter with methylene chloride adding this to the concentrator tube. 

12.13 Place concentrator tube into Turbo Vap II. 

12.141f needed, "solvent exchange" the extract when its volume is below 1 ml and 
continue to evaporate extract to below 1 ml then remove from the Turbo Vap II. If 
extract does not need a solvent exchange, simply remove extract from Turbo Vap 
II when extract falls below 1 ml. CAUTION: DO NOT LET EXTRACT GO DRY! 
See table in section 18.0 for the required final solvent. 

12.15 Using a 1 mi syringe, measure and remove extract from concentrator tube and 
place in appropriate container (e.g. vials, test tubes, etc.) labeled with the sample 
I.D., fraction, volume, parameter, and extraction personnel initials. 

12.16 Rinse concentrator tube walls with 2-3 ml of appropriate solvent. 

12.17 Using rinse solvent in concentrator tube, adjust volume of extract appropriate 
volume. 

12.18Cap container of extract. 

13.0 CALCULATIONS AND DATA HANDLING 

13.1 Enter sample preparation data into the LIMS system. 

14.0 METHOD PERFORMANCE 

14.1 Not applicab!e. 

15.0 POLLUTION PREVENTION 

15.1 The quantity of chemicals purchased should be based on expected usage during 
their shelf life and the disposal cost of unused material. 

15.2 Prepare the minimum amount of reagent and standard necessary. 

16.0 WASTE MANAGEMENT 
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16.1 Dispose of any resulting residue, digestate, or extract in accordance with local 
sanitary regulations. 

16.2 Additional sample shall be disposed of properly following the completion of 
analysis and an appropriate additional holding time. 

17.0 REFERENCES 

17.1 SW-846 Method 3550B 

18.0 TABLES, FORMS, CHECKLISTS, AND OTHER ATTACHMENTS 

BN S ike Standard Com ounds 
Acenapthene I 1,2,4-Trichlorobenzene 
N-Nitrosodi-N-propylamine 1,3-Dichlorobenzene 
Pyren e  I  2 4-Dinitrotoluene 

Acid S ike Standard Com ounds 
Pentachlorophenol 4-Chloro-3-methylphenol 
Phenol 4-Nitrophenol 
2-Chloro henol 

BN Surro ate Standard Com ounds 
N itrob enzen e-d5 
p-Terphenyl-d14 

1,2-D ich lorabenzene-d4 
2-Fluorobiphenyl 

Acid Surro ate Standard Com ounds 
Phenol-d6 
2-Chloro henol-d4 

2,4,6-Tribromophenol 
2-Fluoro henol 

PNA S ike Standard Com ounds 
Naphthalene Benzo(b)fluoranthene 
Acenaphthene Benzo(k)fluoranthene 
Acenaphthylene Benzo(a)pyrene 
Flourene Dibenzo(a,h)anthracene 
Pyrene Benzo(g,h,i)perylene 
Benzo(a)anthracene Indeno(1,2,3-cd)pyrene 
Chr sene 

Pesticide S ike Standard Com ounds 
Aldrin Endrin aldehyde 
Alpha-BHC Endrin ketone 
Beta-BHC Gamma-BHC 
Delta-BHC Heptachlor 
Dieldrin Heptachlor epoxide 
Endosulfan I Methoxychlor 
Endosulfan II 4,4'-DDD 
Endosulfan sulfate 4,4'-DDE 
Endrin 4,4'-DDT 
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Extraction Conditions 
terminative Analyte Initial Final Solvent Final Solvent Final Vol., 

ethod and Group Extraction pH for Analysis for Cleanup ml 
e Code 
41 

!335 1

0 
Phenols  <  2 Hexane --- 1 

 Phenol 
81A Pesticides 5-9 Hexane Hexane 
10 Pest 

8082 PCBs 5— 9 Hexane Hexane 10 
3510 PCB 
8270C SVOA (BNA) <2 None --- 1 
3510 B 
8310 PAH (PNA) As received Acetonitrile 1 
3510 HPLC 

1= Extraction pH sequence may be reversed to better separate the acid and neutral 
components. Excessive pH adjustments may result in the loss of some analytes. 
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STANDARD OPERATING PROCEDURE FOR 

POLYNUCLEAR AROMATIC F-IYDROCARBONS 

BY EPA METHOD 610 AND SW-846 METHOD 8310 

Originating Author: Unknown 
Revision Author: Christine Robinson 

This SOP is effective upon signed approval by the following: 

/zz/a 
Date 

IZ-2l-2ooJ 
Date 

DISCLAIMER: This SOP has been developed for use at the SIMALABS 
International, Merrillville, Indiana facility. It is intended for use by trained analysts. 
As written, this SOP may not be specifically applicable to the activities of other 
organizations. 

Page 1 of 20 
E:\Policies  and Procedures (SOPs)\Technicel Ope2tions\Organics\SOPs-SIMALABS\610-8310(5).doc  



SOP ID: 610-8310(5) 
Revision: 5 

Revised Date: 1012912001 

1.0 TABLE OF CONTENTS 

1.0 	Table 	of Contents ....................................................................................................2 

2.0 	Scope and Application .............................................................................................3 

3.0 	Summary .................................................................................................................3 

4.0 	Definitions 	...............................................................................................................3 

5.0 	I nterferences ........................................................................................................... 8 

6.0 	Safety ......................................................................................................................8 

7.0 	Equipment and 	Supplies ............. ............ ..........  .................................................... ....8 

8.0 	Reagents and 	Standards .........................................................................................9 

9.0 	Sample Collection, Preservation, and Holding Times ....................................... .... .10 

10.0 Quality Control 	......................................................................................................10 

11.0 Calibration and Standardization ...............:.............................................................14 

12.0 	Procedure 	............ ................................................................................................. 15 

13.0 Calculations and Data Handling ............................................................................15 

14.0 Method 	Performance .............................................................................................16 

15.0 P011ution 	Prevention 	............. ................................................................................. 17 

16.0 Waste 	Management ........ ...................................................................................... 17 

17.0 References ............................................................................................................17 

18.0 Tables, Forms, Checklists, and Other Attachments ...............................................18 

Page 2 of 20 
- 	E:1Policies and Pmcedures (SOPs)\Technical Operations\Organics\SOPs-SIMALABS\610-8310(5).doc 



SOP ID: 610-8310(5) 
Revision: 5 

Revised Date: 10/29/2001 

f~~YK~]»l~ lr _ • "' _ • .; 

2.1 This is a High PerFormance Liquid Chromatography (HPLC) procedure for the 
determination of Polynuclear Aromatic Hydrocarbons (PNA or PAHs). This 
procedure is applicable to the analysis of extracts from aqueous, non-aqueous 
liquid, and solid matrix samples. The routine reporting limits are listed in the table 
below. These limits may vary due to sample matrix. 

ANALYTE PQL, ug/I PQL, ug/kg 
Acenaphthene 5 800 
Acenaphthylene 2.5 400 
Anthracene 0.1 16 
Benzo(a)anthracene 0.1 16 	.. 	' 
Benzo(a)pyrene 0.2 32 
Benzo(b)fluoranthene 0.1 16 
(3,4-Benzofluoranthene) 

Benzo(g,h,i)perylene 0.4 64 
Benzo(k)fluoranthene 0.1 16 
Chrysene 0.2 32 
Dibenz(a,h)anthracene 0.3 48 
Fluoranthene 0.25 40 
Fluorene 0.5 80 
Indeno(1,2,3-cd)pyrene 0.25 40 
Naphthalene 2.5 400 
Phenanthrene 0.2 32 
Pyrene 0.5 80 

3.0 SUMMARY 

3.1 PAHs are extracted from the-sample matrix using methylene chloride. Extracts are 
concentrated and exchanged into acetonitrile prior to analysis. The extract is 
injected into a HPLC having an Ultraviolet (UV) and a Fluorescence detector as 
specified in Methods 610 and 8310. 

3.2 The linear working range varies depending on the compound. See the table of 
calibration standard concentration for compound specific ranges. 

4.0 ®EFINITI®NS 

4.1 Accuracy — The degree of agreement of a measured value with the true or 
expected value of the quantity of concern (% recovery of a known spiked analyte). 

4.2 Aliquot — A measured portion of a sample, or solution, taken for sample preparation 
or analysis. 

4.3 Analyte — The specific component measured in a chemical analysis. 
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4.4 Analytical Batch — A group of samples which are analyzed, at the instrument level, 
together using the same method, reagents and apparatus within the same time 
period. Typically, these are samples in the same batch ID in the LIMS. 

4.5 Blank—An artificial sample designed to assess specific sources of laboratory 
contamination. There are several types of blanks, which monitor a variety of 
processes: 

• Calibration Blank — An aliquot of the standard diluent (water or organic sofvent) 
that is not carried through the sample preparation scheme. It is analyzed to 
verify that the analytical system is free from contamination. Also referred to as 
an instrument blank or solvent blank. 

Field Blank — blanks that are collected in the field and analyzed to determine 
the level of contamination introduced into the sample due to sampling 
technique. 

•, Method Blank — An aliquot of lab pure water or solid matrix taken through 
sample preparation (when required) and analysis. It is a test for contamination 
in sample preparation and analyses. Also referred to as a Method Blank. 

4.6 Bias — The deviation of a measured value from a known or accepted value due to 
matrix effects or method performance. Bias may be determined quantitatively to 
correct measured values. Bias may be positive or negative. 

4.7 Breakdown — A measure of the decomposition of certain analytes (DDT and Endrin) 
into by-products. 

4.8 Calibration — The establishment of an analytical curve based on the absorbance, 
response, emission intensity, or other measured characteristic of known standards. 
The calibration standards must be prepared using the same type and concentration 
of acids, solvents, or other solutions used in the sample preparation. 

4.9 Calibration Factor (CF) — A measure of the gas chromatographic response of a 
target analyte to the mass injected. The calibration factor is analogous to the 
Relative Response Factor (RRF) used in the volatile and semi-volatile fractions. 

CF =  Area of the compound in the standard  
Mass of the compound (in ng units) 

4.10 Confirmation — In gas chromatography, an unknown compound in a sample is 
identified based upon its retention time on a specific chromatographic column. 
Because several compounds may exhibit the exact same retention time on a given 
column, a secondary analysis on a different column or detector is often required for 
additional confidence in the compound identification. 

4.11 Continuing Calibration Verification Standard (CCV) — A standard used to verify the 
continued acceptability of the initial calibration curve. A continuing calibration 
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verification must be repeated at the beginning and end of each analytical batch and 
every 10-20 samples, whichever is more frequent depending on the method 
requirements. The concentrations of the continuing calibration verification standard 
shall be varied within the established calibration range. If an internal standard is 
used, only one continuing calibration verification must be analyzed per analytical 
batch. 

4.12 Detection Limit—The smallest concentration/amount of some component of interest 
that can be measured by a single measurement with a stated level of confidence. 

• MDL — Method detection limit. The minimum concentration of a substance that 
can be measured and reported with a 99% degree of confidence. MDLs are 
determined by analyzing a minimum of seven consecutive standards that have 
been processed through all preparatory steps. 

• PQL — The Practical Quantitation Limit is the lowest concentration that can 
reliably be achieved within specified limits of precision and accuracy during 
roufine laboratory operating conditions. Typically, the PQL is a value in the 
range of 5- 10 times the MDL. This is the reporting limit and is also referred to 
as the Estimated Quantitation Limit (EQL). 

4.13 Initial Calibration Verification (ICV) — A standard used to verify the accuracy of 
calibration standards. Prepared from a second source than that of the calibration 
standards, its known value is measured against the calibration curve. This 

' 

	

	determines the integrity of working standards. Also referred to as an external 
verification standard or check standard. 

4.14 Holding Time — The maximum storage time allowed between sample collection and 
sample analysis when the designated preservation and storage techniques are 
employed. 

4.15 Internal Standard (ISTD) — Applicable to GC/MS and LC analyses only. A 
compound(s), not of interest as a target compound, which is added to aIl samples, 
QC samples, and calibration standards just prior to instrument analysis. Internal 
standards are used as the basis for quantitation of target compounds for GClMS 
analysis. 

4.16 Laboratory Control Sample (LCS) — An aliquot of laboratory pure reagent spiked with 
target analytes or compounds representative of target analytes. The sample is 
camed through the entire analytical process and analyte recovery is used to monitor 
method performance. Also referred to as a laboratory fortified blank (LFB). 

4.17 Laboratory Control Sample Duplicate (LCSD) — An aliquot of laboratory pure reagent 
spiked with the identical amount(s) of target analyte(s) as the LCS. Results of the 
two spikes are used to assess both the bias and precision of a method with a given 
sample matrix. Also referred to as a laboratory fortified blank duplicate (LFB DUP). 

4.18 Matrix — The component or substrate which may contain the analyte of interest. 
Matrices are limited to the following: aqueous (includes extracts from the TCLP or 
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other extraction procedure, groundwater, surFace water, and wastewater), drinking 
water (potable water and laboratory pure water), non-aqueous liquid (organic liquid 
having <15% settleable solids), and solid (includes sediment, sludge, and soil). 

4.19 Matrix Spike (MS) — An aliquot of a sample that is spiked with a known amount of 
target analyte(s). Recovery of the matrix spike, expressed as percent recovery, is 
used to assess the bias of a method in a given sample matrix. Also referred to as a 
laboratory fortified sample matrix (LFSM). 

4.20 Matrix Spike Duplicate (MSD) — An aliquot of the same sample used for the MS, 
spiked with the identical amount(s) of target analyte(s) as the MS. Results of the 
two spikes are used to assess both the bias and precision of a method with a given 
sample matrix. Also referred to as a laboratory fortified sample matrix duplicate 
(LFSM DUP). 

4.21 Mean Calibration Factor — The average of the calibration factors obtained through 
the initial calibration. 

CF,ne,,, =(CF, + CFZ  + CF3  +... CF„) / n 

Where, 	CF7  is the CF from standard 1, CF2  is the CF from 
standard 2, etc. 
n is the total number of calibration standards 

4.22 Percent Difference (%D) — Used to compare two values, the percent difference 
indicates both the direction and the magnitude of the comparison. The percent 
difference may be either negative, positive, or zero. (In contrast, see relative 
percent difference.) 

%D =  (X — Y)  ' 100 
. X 

where: X = value 1 
Y = value 2 

4.23 Percent Recovery — A measure of accuracy that is calculated as the measured 
value relative to the true value, expressed as a percent. 

%R= MV "100 
TV 

where: MV = measured value 
TV = true value 

4.24 Precision — The degree of mutual agreement characteristic of independent 
measurements as the result of repeated application of the process under specified 
conditions. It is concerned with the comparability of results from duplicate or 
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replicate analyses. (%RPD between the recoveries of two known analyte spikes, 
and %RSD between the recoveries of three or more measurements). 

4.25 Preparation Batch —A group of samples of similar composition which are prepared 
together using the same method, reagents and apparatus within a 24 hour calendar 
day or every 20 samples, whichever is more frequent. Typically, these are samples 
in the same batch ID in the LIMS. 

4.26 Preservative — A reagent added to a sample, or an action used, to prevent or slow 
decomposition or degradation of a target analyte or a physical process. Thermal and 
chemical preservation may be used in tandem to prevent sample deterioration. 

4.27 Relative Percent Difference (% RPD) — Used to compare two values, the relative 
percent difference is based on the mean of the two values, and is reported as an 
absolute value, i.e., always expressed as a positive number or zero. (In contrast, 
see percent difference.) 

% RPD = 1X - YI  - 100 
(X + Y) / 2 

where: X = value 1 
Y = value 2 

4.28 Relative Retention Time (RRT) — The ratio of the retention time of a compound to that 
of a standard (such as an intemal standard). 

RTc  
RRT = ------- 

RTs  

where: RT, = Retention time for the target or surrogate in continuing calibration 
RT;s  = Retention time for the internal standard in calibration standard or 
sample 

4.29 Relative Standard Deviation — Statistical parameter used to measure the variability of 
a data set with respect to the mean of that data set. 

%RSD = (SD / mean) ` 100 

4.30 Retention Time — The time elapsed from sample injection until the specific compound 
elutes or exits the chromatographic column at the detector. Each analyte has a 
characterisfic retention time on a specific column allowing this information is used to 
qualitatively identify the analytes in the sample. 

4.31 Sample — A portion of material supplied by the client for analysis. 

4.32 Standard Deviation (SD) - A statistical parameter that indicates the variability of a 
data set as centered on the mean. 
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SD = ~Z(Xi — XmeanL 
n-1 

where, x ;  is an individual value 
Xmean is the average of all values 
n is the total number of values in the data set 

4.33 Surrogate Compound — Compound that behaves similarly, with respect to the 
analytical method, as the analytes of interest but is not normally found in 
environmental samples. Often, surrogates are isotopic homologues of target 
analytes. Surrogate(s) are added to all blanks, samples and QC samples prior to, 
preparation and analysis. Recovery of surrogates is used to assess method 
performance. 

5.0 INTERFERENCES 

5.1 Contamination by carryover can occur when a low-level sample is analyzed after a 
high-level sample. Solvent blanks should be analyzed in these instances to check 
for effects from carryover. 

6.0 SAFETY 

6.1 Eye protection must be worn at all times while in the laboratory. 

6.2 Lab coats and gloves are recommended. Avoid direct contact with reagents, 
standards, and/or samples. 

6.3 Consult the Material Safety Data Sheets (MSDS) for each chemical used for 
information regarding fire hazard, toxicity, first aid, storage, disposal, spill 
procedures, and recommended protective equipment. 

6.4 Chemicals having the potential to produce toxic fumes must be handled in a fume 
hood. 

7.0 EQUIPMENT AN® SUPPLIES 
The following is a list of materials needed to perForm the steps of this procedure as 
written. See the reference method(s) for equipment and supply specifications. 

7.1 AII volumetric glassware used shall be ASTM Class A. 

7.2 Hewlett Packard 1050 HPLC with UV and Fluorescence detectors 

7.3 . Chromatographic column: Supelco LC-PAH. Dimensions are 15cm X 4.6mm, 5 
um particle size. 

Page 8 of 20  
E:\Policies  and Procedures (SOPs)\Technical Operations\Organics\SOPsSIMALABS\610-8310(5).doc 



SOP ID: 610-8310(5) 
Revision: 5 

Revised Date: 10/29/2001 

7.4 Computer with Chemstation software, monitor and printer. 

7.5 Syringes: Various sizes including 10, 500, and 1000 ul. 

7.6 Autosampler vials: 2 mi size with screw tops. 

7.7 200 ul glass inserts. 

8.0 REAGENTS AND STANDARDS 

8.1 AII reagents used must be analytical reagent (AR) grade or higher. AII standards 
must be traceable to NIST, when available. Certificates of traceability must be 
obtained from the manufacturer. AII reagents and standards must be documented 
in the appropriate preparation logbook. Refer to the requirements in the Labeling 
of Standards, Reagents, Digestates and Extracts SOP. 

8.2 Reagents 

8.2.1 Analyte free water (HPLC Grade) is purchased and has been filtered through a 
0.1-micron filter. 

8.2.2 Acetonitrile (C2H 3N) — HPLC quality, distilled in glass 

8.3 Standards 

8.3.1 Stock HPLC PNA Surrogate Standard, 2000 ug/ml: Accustandard catalog #M- 
625-04 contains Decafluorobiphenyl (DFB) in methylene chloride. Store in the 
Organics standard freezer. 

8.3.2 Stock Calibration Standard: Ultra catalog #PM-831A (or equivalent) contains the 
compounds in a mix of acetonitrile and methanol. See the table in section 18.0 
for the compound specific concentrations. Transfer the standard to a glass 
container having a Teflon lined cap. Store the standard in the Organics standard 
freezer and replace after one year, or sooner if necessary. 

8.3.3 Working Lineanty Curve: In separate 1 ml volumetric flasks, prepare the dilutions 
listed in section 18.0. 

8.3.4 Stock Verification (ICV) Standard: Supelco catalog #4-9156 (or equivalent). The 
concentrations are the same as those in the stock calibration standard (see 
section 18.0). Transfer the standard to a glass container having a Teflon lined 
cap. Store the standard in the Organics standard freezer and replace after one 
year, or sooner if necessary. 

8.3.5 Working ICV: In a 1.0 ml volumetric flask, dilute 50 ul of the stock verification 
standard to the mark with acetonitrile. This prepares a standard of 
concentrations equal to the PAH level 3 linearity standard (see section 18.0). 
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8.3.6 LCS/MS/MSD: When prepared as detailed in the sample preparation SOP, the 
LCS/MS/MSD will contain the following analytes. 

COMPOUND CONC., ug/I 
Anthracene 
Benzo(b)fluoranthene 0.8 
Benzo(k)fluoranthene 
Phenanthrene 1.6 
Benzo(a)anthracene 
Benzo(a)pyrene 
Chrysene 2.0 
Fluoranthene 
Indeno(1,2, 3-cd)pyrene 
Benzo(g,h,i)perylene 3.2 
Fluorene 4.0 
Pyrene - 

Dibenz(a,h)anthracene 8.0 
Acenaphthylene 20.0 
Naphthalene 
Acenaphthene 40.0 

9.0 SAMPLE COLLECTION, PRESERVATION, AND HOLDING TIMES 

9.1 The client or other trained personnel collect samples. Samples received at the 
laboratory are considered representative unless otherwise noted. 

9.2 Extracts are stored at -15°C in the extract freezer located in the SVOA lab. 

9.3 Analysis must be performed within the maximum allowable hold time of 40 days 
from extraction. 

10.0 QUALITY CONTROL  

10.1 An Initial Demonstration of Capability study must be performed prior to the initial 
analysis for each analyst and whenever substantial change has occurred in the 
procedure or instrument. Analyze four separate standards prepared in the range 
of 8-10 times the method detection limit listed in section 14.0. These standards 
must be from a source different from that used for calibration and taken through 
the entire analytical procedure. Submit the data to the QA department for 
evaluation. Refer to the  Capability and Detection Limit Studies  SOP for details. 

10.2 A Method Detection Limit study must be pertormed for each new procedure, 
annually thereafter, and whenever a change in instrument occurs. Analyze a 
minimum of seven (maximum of ten) standards prepared in the range of 2-5 times 
the method detection limit listed in section 14.0 or an estimated detection limit. 
These standards must be taken through the entire analytical procedure. Submit 
the data to the QA department for evaluation. Refer to the  Capability and  
Detection Limit Studies  SOP for details. 
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10.3 Surrogate (SURR) standard must be added to all quality control samples, blanks, 
and samples. Acceptance criteria are the statistically generated recovery limits of 
13.8 — 106% recovery. These criteria are evaluated by the LIMS and printed on the 
LIMS QC Report and analytical report submitted to the client. Failures are 
automatically flagged with a"S" on these reports. If the acceptance criteria are not 
met, re-extract and analyze. If reanalysis does not yield acceptable recovery, both 
sample sets must be supplied to the client. If reanalysis is performed beyond the 
maximum allowable hold time, both sample sets must be supplied to the client and 
the appropriate result flagged with a"H" qualifier as defined in the LIMS. If 
insufficient sample is available for re-extraction the original result should be 
reported and qualified in the Case Narrative to state this as the reason for no re- 
extraction and reanalysis being performed. If the acceptance criteria are not met 
for a method blank but are met for the QC samples and environmental samples, 
report the sample results qualified for the MB failure in the Case Narrative. 

10.4 An Initial Calibration Verification ( ICV) standard must be immediately after the 
initial linearity (ICAL). This is the analysis of a second source standard. 
Acceptance criteria are the statistically generated recovery limits below. If the 
acceptance criteria are not met, reanalyze. If reanalysis fails to meet the 
acceptance criteria, analysis must be stopped, the problem corrected, and the 
instrument recalibrated. The LIMS will evaluate the recovery criteria and flag not 
acceptable recoveries with a"S" flag. 

Acenaphthene 84.9 f  108 
Acenaphthylene 86.3 115 
Anthracene 84.2 112 
Benzo[a]anthracene 87.1 122 
Benzo[a]pyrene 91.2 122 
Benzo[b]fluoranthene (3,4-Benzofluoranthene) 85.4 119 
Benzo[g,h,i)perylene 79.4 114 	. 

Benzo[k]fluoranthene 79.4 123 
Chrysene B8 118 
Dibenz[a,h]anthracene 67 127 
Fluoranthene 182.9 112 
Fluorene 88.8 108 
Indeno[1,2,3cd]pyrene 86.6 

18B.7 
112 

Naphthalene 119 
Phenanthrene 83.3 109 
Pyrene 88.6 116 

10.5 A Continuing Calibratlon Verification (CCV) standard is a calibration source 
standard. The initial calibration must be verified at the beginning of each 12-hour 
analytical shift during which samples are analyzed. The 12-hour shift begins with 
the injection of the CCV1 standard, continues through the analysis of 
environmental samples (maximum of 20), and ends with the injection of the CCV2 
standard (which must be injected within 12-hours of the start of the sequence). 
The concentration of the CCV must be varied throughout the run (see the 
calibration standards for the concentrations of CCV1 and CCV2). Acceptance 
criteria are  <  15% difference when compared to the mean calibration factor of the 
initial calibration. In keeping with the approach of averaging as in the Calibration 
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section, if the response for a given analyte is > 15% difference but the average of 
all analytes is < 15% difference, the calibration is considered verified and 
acceptable. If acceptance criteria are not met, reanalyze. If reanalysis fails to 
meet the acceptance criteria, recalibrate. When a CCV fails to meet the 
acceptance criteria, recalibrate. When a CCV fails to meet the acceptance criteria, 
all samples that are not bracketed by acceptable verifications must be re-injected. 
Samples with a non-detect concentration may be reported if the CCV fails to meet 
the acceptance criteria with a positive bias. Initial and date the Evaluate 
Continuing Calibration Report and the Quantitation Report to indicate that the 
acceptance criteria have been reviewed. 

10.6 A Method Blank (MB) must be extracted and analyzed with each batch of up to 10 
samples per day for Method 610 and 20 samples per day for Method 8310. 
Acceptance criteria are no detects above the PQL, howeveY, the MB remains 
acceptable if the blank concentration is less than 1/10 of the sample concentration, 
or if there were no detects in the sample. If the acceptance criteria are not met, re- 
extract the blank and the affected samples if sufficient sample is available. If 
insufficient sample is available for reanalysis the original result should be reported 
and qualified in the Case Narrative. Samples associated with a contaminated 
blank must be reported with a"B" qualifier as defined in the LIMS. If sample 
reanalysis was performed beyond the maximum allowable hold time, both sets of 
results must be supplied to the client and flagged with a"H", as appropriate, to 
note the hold time exceedance. When a MB is contaminated, corrective action 
steps must be taken to identify and eliminate the cause of the contamination. 

10.7 A Laboratory Control Sample (LCS) must be extracted and analyzed with each 
batch of up to 10 samples per day for Method 610 and 20 samples per day for 
Method 8310, per matrix. Acceptance criteria (listed below) are the statistically 
generated recovery limits for Method 8310 or the recovery limits in Table & of 
Method 610, as appropriate. However, the LCS remains acceptable if the failed 
recovery is positive bias (high) and there are no detects in the sample. If the 
acceptance criteria are not met, reanalyze or re-extract as appropriate. If this 
reanalysis does not meet the acceptance criteria, the affected samples from that 
batch must be re-extracted and analyzed. If insufficient sample is available for 
reanalysis the original result should be reported and qualified in the Case 
Narrative. If the hold time has expired and reanalysis performed, both sets of data 
should be reported and the appropriate result flagged with a"H" qualifier as 
defined in the LIMS. 

W 
	 -„.  

o 	.: 
£dow K':iii9h  

Acenaphthene 35.5 1150 5 1124 
Acenaphthylene 32.7 140 5 139 
Anthracene 29.1 155 5 126 
Benzo[a7anthracene 42.8 157 12 135 
Benzo[a7pyrene 19.5 193 5 128 
Benzo[b]fluoranthene 7.01 166 6 150 
Benzo[g,h,i]perylene 9.49 127 5 116 
Benzo[k]tluoranthene 5 152 5 	~ 159 
Chrysene 35.4 155 5 199 
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Dibenz[a,h]anthracene 5 123 15 1110 
Fluoranthene I 30.2 171 114 123 

Fluorene 29 156 is 142 

Indena[1,2,3cd]pyrene 10.5 
111 

5 116 
Naphthalene 25.2 139 5 122 
Phenanthrene 32.7 157 15 155 
Pyrene 41.9 163 15 140 

10.8 A Matrix Spike and Matrix Spike Duplicate (MS/MSD) must be extracted and 
analyzed with each batch of up to 10 samples per day for Method 610 and 20 
samples per day for Method 8310. When insufficient sample is available for a 
MSD, a duplicate laboratory control sample (LCSD) should be extracted and 
analyzed. Acceptance criteria are the statistically generated recovery limits for 
Method 8310 or the recovery limits in Table 3 of Method 610, as appropriate, 
however, the MS remains acceptable if the failed recovery is positive bias (high) 
and there are no detects in the sample. If the acceptance criteria are not met for 
the MS, evaluate the MSD for accuracy. If the acceptance criteria are met in the 
MSD, continue. If the accuracy criteria are not met in the MS or MSD, and the 
LCS is in control, assume matrix interFerence and report the results with a"S" 
qualifier as defined in the LIMS. Precision criteria are the statistically generated 
limits listed in section 18.0. If the precision criteria are not met, report the results 
wit a"R" qualifier as defined in the LIMS. 

.: 	 "SLMSD Recove~yLrmits_x  =';•t 	~~ra^-i~ .~. ~.~ 4s`~.; u.i ;~'i; 

r a. .s.~...8370 

--~•~~,•r ~rs~~*: ?~Analyte,,`1 u y4Yt:ew,~ , Low.:; ,Nigh. -RPDr Low%, 
~ 

Firgh =~ RPD •_~ 

Acenaphthene 	" 35.5  150 	136.8 15 124 	136.8 
Acenaphthylene 32.7 	1140 64.1 5 139 64.1 

Anthracene 29.1 155 29.8 5 126 	. 29.8 
Benzo[alanthracene 42.8 157 33.6 12 135 33.6 
Benzo[a)pyrene 19.5 193 37.3 5 128 37.3 

Benzo[b7fluoranthene (3,4-Benzofluoranthene) 7.01 166 24.2 6 150 24.2 

Benzo[g,h,i]perylene 9.49 127 35.8 5 116 35.8 

Benzo[k]fluoranthene 5 152 35.1 5 159 35.1 

Chrysene 35.4 155 26.8 5 199 26.8 
Dibenz[a,h]anthracene 5 123 149 5 110 49 

Fluoranthene 30.2 171 31.1 14 123 31.1 

Fluorene 29 156 46 5 142 48 

Indeno[1,2,3cd]pyrene 10.5 141 37.2 5 116 37.2 
Naphthalene 	- 25.2 139 63.7 5 122 63.7 
Phenanthrene 32.7 157 34.9 5 155 34.9 
Pyrene 41.9 163 31.2 5 140 31.2 

10.9 Confirmation of sample detects are made by detection on the alternate detector. 
While all the potential target PNA compounds (listed in section 2.1) are detectable 
by the UV detector, all but Acenaphthene, Acenaphthylene, Fluorene, 
Indeno(1,2,3-cd)pyrene, and Naphthalene are detectable with the fluorescence 
detector. As a result, detects for all but the above mentioned analytes are 
confirmed through the routine use of the alternate detector. Confirmations are 
performed to verify the identification of a target compound and not the 
concentration. In order to be used for confirmation, it must be demonstrated that 
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the other detector is sensitive at or below the level indicated in the initial analysis. 
This demonstration is accomplished through the acceptable analysis of the CCV1. 
Alternatively, if the initial linearity criteria were not met on the alternate detector, a 
standard of that particular analyte must be analyzed at a level at or below the 
concentration measured in the initial analysis. Identiflcation of that analyte 
demonstrates sensitivity for that analyte at that level, Confirmation of those 
analytes not detectable on the alternate detector must be performed if requested 
by the client. If requested, confirmation analysis must be performed by GC/MS 
SIM or through the use of another column in the HPLC. 

1.0 CALIBRATION AND STANDARDIZATION 

11.1 PerForm the required preventative maintenance as necessary. A new Initial 
Calibration (linearity) is required as indicated by the quality control elements. The 
concentration of the low standard must be greater than the MDL and set near or 
below the routine PQL for each compound. 

11.2 Instrument conditions are as follows: 

PAHTEST.m 
Flow rate: 1.200 ml/min 
Solvent A: Water 
Solvent B: Acetonitrile (ACN) 
Solvent mix: 50% ACN at 0.00 minutes 

50% ACN at 5.00 minutes 
75% ACN at 15.00 minutes 
100 % ACN at 30.00 minutes 
100°lo ACN at 40.00 minutes 

Injection size: 30 ul 

Fluorescence Detector 
Excitation: 	1 254 nm 
Emission: 
Pmtgain: 
Response time: 

UV Detector 
Wavelength: 
Response time: 
Peak width: 

420 nm 
10 
2.0 seconds 

254 nm 
4.0 seconds 
0.532 minutes 

11.3 Set up sequence parameters in Sequence in main menu. 

11.4 Set up analysis sequence in Sample Table in Sequence in main menu. 

11.5 Enter the sequence as it is to be run, including the applicable analysis method. An 
ICV standard must be analyzed following the generation of a new linearity and the 
acceptance criteria met before continuing with sample analysis: If the acceptance 
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criteria are met, rename the method "xxxxxxx", where mmdd designates the month 
and date of the new linearity. 

11.6 Transfer approximately 1 ml of extract to a 2 mi autosampler vial and cap the vial. 

11.7 Load the autosampler tray. 

11.8 Click on Run Sequence in Sample Table. 

11.9 After each sample has run, the report is retrieved and quantitated against the 
current initial linearity. The chromatogram is examined to determine that all 
compounds present have been detected. The Quantitation Report indicates that 
quantitation is measured against the Initial Calibration. .; 

11.10A minimum 5 level calibration is perFormed. The mean CF mustbe < 10% RSD for 
Method 610, and < 20% RSD for Method 8310. Typically, the UV detector is used 
as the "primary" detector. The Fluorescence detector may be used as needed, 
based on calibration criteria, chromatographic interferences, etc. If the 
Fluorescence detector is used as the primary detector, it must be used as such for 
the calibration and all samples, and this fact must be documented on all instrument 
printouts. Where the calibration criteria are not met, the following options exist. 

11.10.1 The mean of the RSD values for  all  analytes in the calibration is less than or 
equal to 20% for Method 8310 or 10% for Method 610, as appropriate. The 
mean RSD is calculated by summing the RSD value for each analyte and 
dividing by the total number of analytes. If no analyte has an RSD above 20% 
or 10% criteria, then the mean RSD calculation need not be performed. 

11.10.2 The mean RSD criterion applies to all analytes in the standards, regardless of 
whether or not they are of interest for a specific project. In other words, if the 
target analyte is part of the calibration standard, its RSD value is included in 
the evaluation. 

11.11 If the linearity requirements are not met, take appropriate corrective actions and 
recalibrate. Analysis of environmental samples cannot proceed without the 
generation of an acceptable linearity. 

12.0 PROCEDURE 

12.1 Once it has been determined that the calibration and calibration verification 
standards meet their respective criteria, the analysis of samples can begin. A 
typical sequence follows the order: CCV1, MB, LCS, samples, QC samples, 
CCV2. 

13.0 CALCULATIONS AND DATA HANDLING 

13.1 After review, enter final results into the LIMS system. Results flagged by the LIMS 
with an "E" qualifier are above the linear range of the instrument. There is less 
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certainty in these data and, if sufficient sample and holding time are available, 
should be reanalyzed at an appropriate dilution. Details on the procedure for 
entering analytical data are in the  Data Entry  SOP. The peak integrations must be 
performed according to the  Manual Integration of Chromatographic Peaks  SOP. 

13.2 Sample concentration is calculated as follows: 
Final Conc., ug/ml = LAsampleLLVOIC-sid DF 

(Astd) (Vo) 

where: Asan, P le = Area of the sample 
Vt  = Final volume, ml 
Cstd = Conc. of standard, ug/ml 
DF = dilution factor 
Astd = Area of the standard 
Vo  = Initial sample size, L or kg 

13.3 The LIMS calculates the dry-weight concentration for solid samples as follows: 

Conc. Dry =  (wet weight conc.)  
(100 - % Moisture) 

14.0 METHOD PERFORMANCE 

14.1 Method Detection Limit 

The latest MDL study yielded the following data: 

a, 	f r 	: " `Meth"od;,Detecti6n'ljmrt Stud}~ 	- 	' 	 °' 

~ ` 	S< Analyte  .~ .,r 

Naphthalene 1.25 0.1947 0.5842I 

Acenaphthylene 1.25 0.2536 0.7607' 

Acenaphthene - 	2.5 0.3564 1.0692 

Fluorene 0.25 0.1027 0.3080 
Phenanthrene 0.1 0.0759 0.2277 

Anthracene 0.05 0.0345 0.1034 

Fluoranthene 0.125 0.0506 0.1517 

Pyrene 0.25 0.1343 0.4028 

Benzo(a)anthracene 0.125 0.0295 0.0885 
Chrysene 0.125 0.0138 0.0414 

Benzo(blfluoranthene 0.05 0.0186 0.0557 

8enzo(k)fluoranthene 0.05 0.0406 0.1219 
Benzo(a)pyrene 0.125 0.0515 0.1546 

Indeno(1,2,3-cd)pyrene 0.125 0.0147 0.0442 

Dibenz(a.h)anthracene 0.5 0.3657 1.0972 

Benzolg,h,i)perylene 0.2 0.0870 0.2610 

14.2 Initial Demonstration of Capability 

The latest IDC study yielded the following data: 
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-ln7tial Demon9trafion'of CapabiGty Study..(n 	4) 

,
Anaiyte. 	r  j ~;a ~ 

` 	~,':i i. c°, .,r.?a~ 
q''~ 	

..t;. r'S~" 

Spiked.; 

ug/4,~~;*' 

Avg 

'Se,ug66 ~ ':._ 
Conc  

Avg 

"-•. 

Std 	~, _ 

s,~~; 

Naphthalene 20 15.5 77 1.7  0.486 
Acenaphthylene 20 16.2 80.7 0.552 

Acenaphthene 40 31.8 79.6 1.13 

Fluorene 4 3.35 83.8 0.123 
Phenanthrene 1.6 1.28 80.2 0.059 

Anthracene o.8 0.68 85.0 0.024 
Fluoranthene 2 1.56 77.8 0.056 
Pyrene 4 3.53 88.3 0.158 

Benzo(a)anthracene 2 1.78 88.8 0.060 

Chrysene 2 1.72 85.8 0.074 
Benzo(b)tluoranthene 0.8 0.93 91.6 0.044 

Benzo(k)fluoranthene 0.8 0.68 84.71 0.039 

Benzo(a)pYrene  2 1.70 84.9 0.064 

Indeno(1,2,3-cd)pYrene 2 1.75 87.6 0.074 

Dibenz(a.hlanthracene 8 6.87 85.8 0.302 

Benzo(g,h,i)perylene  3.2 2.68 1 	83.6 0.079 

15.0 POLLUTION PREVENTION 

15.1 The quantity of chemicals purchased should be based on expected usage during 
their shelf life and the disposal cost of unused material. 

15.2 Prepare the minimum amount of reagent and standard necessary. 

16.0 WASTE MANAGEMENT 

16.1 Refer to the SIMALABS International Sample Disposal SOP for guidance on the 
disposal of any resulting residue, digestate, extract or standard. 

17.0 REFERENCES 

17.1 USEPA Method 610 

17.2 SW-846 Method 8310 

17.3 SIMALABS International SOP Preparation of Aqueous Sampl 
Liauid Extraction bv SW-846 Method 3510C. current revision. 

17.4 SIMALABS International SOP Preparation of Aqueous Samples Usinq Continuous 
current revision. 
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17.5 SIMALABS International SOP  Preparation of Non-Aqueous Samples Using  
Sonication bv SW-846 Method 3550B. current revision. 

17.6 SIMALABS International Quality Assurance Plan, current revision 

18.0 TABLES, FORMS, CHECKLISTS, AND OTHER ATTACHMENTS 

STOCK CALIBRATION STANDARD 
(ULTRA #PM-831A) 

ANALYTE ug/ml 
Acenaphthene 1000 
Acenaphthylene 500 
Anthracene 20 
Benzo(a)anthracene 50 
Benzo(b)fluoranthene 20 
Benzo(k)fluoranthene 20 
Benzo(g,h,i)perylene 80 
Benzo(a)pyrene 50 
Chrysene 50 
Dibenz(a,h)anthracene 200 
Fluoranthene 50 
Fluorene 100 
Indeno(1,2,3-cd)pyrene 50 
Naphthalene 500 
Phenanthrene 40 
Pyrene 100 

PAH LEVEL 5 LINEARITY 
STANDARD (200 ul of stock 

calibration standard plus 200 uI stock 
surrogate to 1 mi f nal volume) 

ANALYTE ug/ml 
Acenaphthene 200 
Acenaphthylene 100 
Anthracene 4.0 
Benzo(a)anthracene 10 
Benzo(b)fluoranthene 4.0 
Benzo(k)fluoranthene 4.0 
Benzo(g,h,i)perylene 16 
Benzo(a)pyrene 10 
Chrysene 10 
Dibenz(a,h)anthracene 40 
Fluoranthene 10 
Fluorene 20 
Indeno(1,2,3-cd)pyrene 10 
Naphthalene 100 
Phenanthrene 8.0 
Pyrene 20 
DFB (Surr) 400 
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PAH LEVEL 4 LINEARITY 
STANDARD' (1 ml of stock 

calibration standard plus 1 mi stock 
surrogate to 10 ml final volume) 

ANALYTE ug/ml 
Acenaphthene 100 
Acenaphthylene 50 
Anthracene 2.0 
Benzo(a)anthracene 5.0 
Benzo(b)fluoranthene 2.0 
Benzo(k)fluoranthene 2.0 
Benzo(g,h,i)perylene 8.0 
Benzo(a)pyrene 5.0 
Chrysene 5.0 
Dibenz(a,h)anthracene 20 
Fluoranthene 5.0 
Fluorene 10 
Indeno(1,2,3-cd)pyrene 5.0 
Naphthalene 50 
Phenanthrene 4.0 
Pyrene 10 
DFB (Surr) 200 

' This standard may 6e used for 
CCV2 

PAH LEVEL 3 LINEARITY 
STANDARD' (5 mI of PAH level 4 

linearity standard to 10 ml final 
volume) 

ANALYTE ug/ml 
Acenaphthene 50 
Acenaphthylene 25 
Anthracene 1.0 
Benzo(a)anthracene 2.5 
Benzo(b)fluoranthene 1.0 
Benzo(k)fluoranthene 1.0 
Benzo(g,h,i)perylene 4.0 
Benzo(a)pyrene 2.5 
Chrysene 2.5 
Dibenz(a,h)anthracene 10 
Fluoranthene 2.5 
Fluorene 5.0 
Indeno(1,2,3-cd)pyrene 2.5 
Naphthalene 25 
Phenanthrene 2.0 
Pyrene 5.0 
DFB (Surr) 100 

' This standard is used for CCVi 
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PAH LEVEL 2 LINEARITY 
STANDARD* (1 ml of PAH level 4 

linearity standard to 10 ml f nal 
volume) 

ANALYTE ug/ml 
Acenaphthene 10 
Acenaphthylene 5.0 
Anthracene 0.2 
Benzo(a)anthracene 0.5 
Benzo(b)fluoranthene 0.2 
Benzo(k)fluoranthene 0.2 
Benzo(g,h,i)perylene 0.8 
Benzo(a)pyrene 0.5 
Chrysene 0.5 
Dibenz(a,h)anthracene 2.0 
Fluoranthene 0.5 
Fluorene 1.0 
Indeno(1,2,3-cd)pyrene 0.5 
Naphthalene 5.0 
Phenanthrene 0.4 
Pyrene 1.0 
DFB (Surr) 20 

* This standard may be used for 
CCV2 

PAH LEVEL 1 LINEARITY 
STANDARD (1 ml of PAH level 3 
linearity standard to 10 ml final 

volume) 
ANALYTE ug/ml 
Acenaphthene 5 
Acenaphthylene 2.5 
Anthracene 0.1 
Benzo(a)anthracene 0.25 
Benzo(b)fluoranthene 0.1 
Benzo(k)fluoranthene 0.1 
Benzo(g,h,i)perylene 0.4 
Benzo(a)pyrene 0.25 
Chrysene 0.25 
Dibenz(a,h)anthracene 1.0 
Fluoranthene 0.25 
Fluorene 0.5 
Indeno(1,2,3-cd)pyrene 0.25 
Naphthalene 2.5 
Phenanthrene 0.2 
Pyrene 0.5 
DFB (Surr) 10 
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2.1 This is a GC/MS procedure for the determination of volatile organic compounds. 
This procedure is applicable to the analysis of aqueous, non-aqueous liquid and 
solid matrix samples. The applicable compounds and their routine reporting limits 
are listed in section 18.0. Lower PQLs may be reported upon request from the 
client provided that the requested limit is above the MDL. 

2.2 The equipment used in this procedure supports the application of SW-846 Method 
5035. This sampling and analysis method utilizes a closed-system purge-and-trap 
process for the analysis of volatile organic compounds (VOCs) in solid materials 
(e.g., soils, sediments, and solid waste). While the method is designed for use on 
samples containing low levels of VOCs, procedures are also provided for collecting 
and preparing solid samples containing high concentrations of VOCs and for oily 
wastes. 

3.0 SUMMARY 
3.1 An aliquot of sample is withdrawn directly from the sample container (VOA vial) by 

the autosampler. The volatile compounds are introduced into the gas 
chromatograph using the purge-and-trap technique. The analytes are directly 
injected onto the capillary column. The column is temperature programmed to 
separate the analytes that are detected, using ion counts, with a mass 
spectrometer interfaced to a gas chromatograph. Target ions are extracted from 
the total ion count to identify target compounds. 

3.2 Water samples are collected in glass vials with zero headspace. For low level 
solid samples, 5 g of sample is mixed with 10 ml of lab pure water, purged and 
analyzed. For medium and high level solid samples, 5 g of sample is extracted 
with 10 ml methanol. A portion of this extract is diluted with lab pure water, purged 
and analyzed. 

3.3 The linear calibration range extends up to 200 ug/I. 

4.0 DEFINITIONS 

4.1 Accuracy— The degree of agreement of a measured value with the true or 
expected value of the quantity of concern (% recovery of a known spiked analyte). 

4.2 Aliquot — A measured portion of a sample, or solution, taken for sample preparation 
or analysis. 

4.3 Analyte — The specific component measured in a chemical analysis. 

4.4 Analytical Batch - A group of samples which are analyzed, at the instrument level, 
together by a single analyst using the same method, reagents and apparatus within 
the same time period. Typically, these are samples in the same Run Number in the 
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LIMS. For purposes of quality control frequency, a batch shall not include more than 
20 environmental samples. 

4.5 Blank — An artificial sample designed to assess specific sources of laboratory 
contamination. There are several types of blanks, which monitor a variety of 
processes: 

• Field Blank — An aliquot of analyte-free water that is collected in the field and 
analyzed to determine the Ievel of contamination introduced into the sample 
due to sampling technique. Also known as an equipment blank. 

• Method Blank — An aliquot of analyte-free water or sand processed in an 
identical fashion as an environmental sample. It is a test for contamination in 
sample preparation and analysis. Also referred to as a Procedural Blank. 

• Trip Blank — An aliquot of analyte-free water, typically supplied by the 
laboratory, taken to the sampling site and returned to the laboratory 
unopened. A trip blank is used to document contamination attributable to 
shipping and field handling procedures. 

4.6 Bias — The deviation of a measured value from a known or accepted value due to 
matrix effects or method performance. Bias may be determined quantitatively to 
correct measured values. Bias may be positive or negative. 

4.7 Calibration — The establishment of an analytical curve based on the absorbance, 
response, emission intensity, or other measured characteristic of known standards. 
The calibration standards must be prepared using the same type and concentration 
of acids, solvents, or other solutions used in the sample preparation. 

4.8 Calibration Factor— A measure of the gas chromatographic response of a target 
analyte to the mass injected. The calibration factor is analogous to the Relative 
Response Factor (RRF) used in the volatile and semi-volatile fractions. 

4.9 Continuing Calibration Verification Standard (CCV)—A standard used to verify the 
continued acceptability of the initial calibration curve. A continuing calibration 
verification must be analyzed at the beginning of each analytical sequence following 
an acceptable instrument tune. 

4.10 Detection Limit — The smallest concentration/amount of some component of interest 
that can be measured by a single measurement with a stated level of confidence. 

• MDL — Method detection limit. The minimum concentration of a substance that 
can be measured and reported with a 99% degree of confidence. MDLs are 
determined by analyzing a minimum of seven consecutive standards that have 
been processed through all preparatory steps. 

• PQL — The Practical Quantitation Limit is the lowest concentration that can 
reliably be achieved within specified limits of precision and accuracy during 
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routine laboratory operating conditions. Typically, the PQL is a value in the 
range of 5- 10 times the MDL. This is the reporting limit and is also referred to 
as the Estimated Quantitation Limit (EQL). 

4.11 Headspace — Any area in a container not completely filled by the sample, thus 
allowing gases to collect in that space. 

4.12 Holding Time — The maximum storage time allowed between sample collection and 
sample analysis when the designated preservation and storage techniques are 
employed. 

4.13 Initial Calibration Verification (ICV) — A standard used to verify the accuracy of 
calibration standards. Prepared from a second source than that of the calibration 
standards and analyzed immediately after the generation of a new calibration 
curve, its,known value is measured against the calibration curve. This determines 
the integrity of working standards. Also referred to as an external verification 
standard or check standard. 

4.14 Internal Standard (I.S.)—Applicable to ICP/MS, GC, GC/MS and LC analyses only. 
A compound(s), not of interest as a target compound, which is added to all samples, 
QC samples, and calibration standards just prior to instrument analysis. Internal 
standards are used as the basis for quantitation of target compounds for GC and 
GC/MS analysis. 

4.15 Laboratory Control Sample (LCS) — An aliquot of analyte-free water or sand spiked 
with target analytes. The sample is carried through the entire analytical process and 
analyte recovery is used to monitor method performance. Also referred to as a 
laboratory fortified blank (LFB). 

4.16 Laboratory Control Sample Duplicate (LCSD) — An aliquot of analyte-free water or 
sand spiked with the identical amount(s) of target analyte(s) as the LCS. Results of 
the two spikes are used to assess both the bias and precision of a method with a 
given sample matrix. Also referred to as a laboratory fortified blank duplicate (LFB 
DUP). 

4.17 Matrix — The component or substrate which may contain the analyte of interest. 
Matrices are limited to the following: aqueous (includes extracts from the TCLP or 
other extraction procedure, groundwater, surface water, and wastewater), drinking 
water (potable water and laboratory pure water), non-aqueous liquid (organic liquid 
having <15% settleable solids), and solid (includes sediment, sludge, and soil). 

4.18 Matrix Spike (MS) — An aliquot of a sample that is spiked with a known amount of 
target analyte(s). Recovery of the matrix spike, expressed as percent recovery, is 
used to assess the bias of a method in a given sample matrix. Also referred to as a 
laboratory fortified sample matrix (LFSM). 

4.19 Matrix Spike Duplicate (MSD) —An aliquot of the same sample used for the MS, 
spiked with the identical amount(s) of target analyte(s) as the MS. Results of the 
two spikes are used to assess both the bias and precision of a method with a given 
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sample matrix. Also referred to as a laboratory fortified sample matrix duplicate 
(LFSM DUP). 

4.20 Percent DifFerence (%D) — Used to compare two values, the percent difference 
indicates both the direction and the magnitude of the comparison. The perceni 
difference may be either negative, positive, or zero. (In contrast, see relative 
percent difference.) 

%D= (X—Y) *100 
X 

where: X = value 1 
Y = value 2 

4.21 Percent Recovery — A measure of accuracy that is calculated as the measured 
value relative to the true value, expressed as a percent. 

%R=MV*100 
TV 

where: MV = measured value 
TV = true value 

4.22 Precision — The degree of mutual agreement characteristic of independent 
measurements as the result of repeated application of the process under specified 
conditions. It is concerned with the comparability of results from duplicate or 
replicate analyses. (%RPD between the recoveries of two known analyte spikes, 
and °/oRSD between the recoveries of three or more measurements). 

4.23 Preservative — A reagent added to a sample, or an action used, to prevent or slow 
decomposition or degradation of a target analyte or a physical process. Thermal and 
chemical preservation may be used in tandem to prevent sample deterioration. 

4.24 Relative Percent Difference (% RPD) — Used to compare two values, the relative 
percent difference is based on the mean of the two values, and is reported as an 
absolute value, i.e., always expressed as a positive number or zero. (In contrast, 
see percent difference:) 

%RPD= LX-YI *100 
(X + Y) / 2 

where: X = value 1 
Y = value 2 

4.25 Relative Response Factor — Applicable to GC, GC/MS, and LC analyses only. A 
measure of the relative response of an analyte compared to that of its internal 
standard. Relative response factors (RRF) are determined by analysis of 
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calibration standards and are used in the quantitation of target analytes in 
samples. RRF is calculated as follows: 

RRF =  Ax x Cis  
Ais x Cx 

where: Ax = area of the compound of interest measured 
Cis = concentration of the internal standard 
Ais = area of the internal standard 
Cx = concentration of the analyte of interest 

4.26 Relative Retention Time (RRT) — The ratio of the retention time of a compound to that 
of a standard (such as an intemal standard). 

RT, 
RRT = --- 

RT ; ~ 

where: RT, = Retention time for the target or surrogate in continuing calibration 
RT;s  = Retention time for the internal standard in calibration standard or 

sample 

4.27 Retention Time — The time elapsed from sample injection until the specific compound 
elutes or exits the chromatographic column at the detector. Each analyte has a 
characteristic retention tirae on a specific column allowing this information is used to 
qualitatively identify the analytes in the sample. 

4.28 Sample — A portion of material supplied by the client for analysis. 

4.29 Surrogate Compound — Applicable to GC, GC/MS, and LC analyses only. 
Compound that behaves similarly, with respect to the analytical method, as the 
analytes of interest but is not normally found in environmental samples. Often, 
surrogates are isotopic homologues of target analytes. Surrogate(s) are added to 
all blanks, samples and QC samples prior to preparation and analysis. Recovery 
of surrogates is used to assess method performance. 

4.30 Tune — Analysis of a compound to verify the operating conditions of the instrument 
by comparing the ion abundance of various masses. 

5.0 INTERFERENCES 

5.1 Chemical interference is minimized through the use of ion counts and internal 
standards. 

5.2 Occasionally, samples may foam while being purged. This problem can be 
corrected through dilution or the use of a silicon anti-foaming agent. 

5.3 . Contamination may occur from impurities in the purge gas, carryover from high- 
level samples or environmental contamination resulting from the introduction of 
target analytes into the lab. Method blanks are used to verify that the system is 
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clean and suitable for analysis. Analyzing additional blanks and/or baking out the 
column between analyses can eliminate carryover contamination. 

6.0 SAFETY 

6.1 Eye protection must be worn at all times while in the laboratory. 

6.2 Lab coats and gloves are recommended. Avoid direct contact with reagents, 
standards, and/or samples. 

6.3 Consult the Material Safety Data Sheets (MSDS) for each chemical used for 
information regarding fire hazard, toxicity, first aid, storage, disposal, spill 
procedures, and recommended protective equipment. - 

6.4 Chemicals having the potential to produce toxic fumes must be handled in a fume 
hood. 

7.0 EQUIPMENT AND SUPPLIES 

The following is a list of materials needed to perForm the steps of this procedure as 
written. See the reference method(s) for equipment and supply specifications. 

7.1 AII volumetric glassware used shall be ASTM Class A. 

7.2 Various gas-tight syringes including 10, 25 and 50 ul 

7.3 5 ml gas-tight syringe with Luer-lock tip 

7.4 2 ml autosampler vials with crimp tops or screw caps 

7.5 1 ml miniinert vessels with caps 

7.6 40 ml glass VOA vials with Teflon lined screw cap septa 

7.7 HP 5890 Gas Chromatograph system including a Tekmar SOLAtek 72 
autosampler, Tekmar LSC3000 purge and trap unit, and a HP 5970 Mass 
Selective Detector (or equivalent system) 

7.8 Chromatography column: DB-624, J&W Scientific (catalog #123-1334) or 
equivalent. Length = 30 m, ID = 0.32 mm, film thickness = 1.8 um. 

7.9 Vocarb 3000 Trap: Supelco Purge Trap K(catalog #24920-U) or equivalent 

7.10 Computerwith MS Chemstation software, monitor, and printer 

8.0 REAGENTS AND STANDARDS 
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8.1 AII reagents used must be analytical reagent (AR) grade or higher. AII standards 
must be traceable to NIST, when available. Certificates of traceability must be 
obtained from the manufacturer. AII reagents and standards must be documented 
in the appropriate preparation logbook. Refer to the requirements in the  Labeling  
of Standards Reaqents, Digestates and Extracts  SOP. 

8.2 Reagents 

8.2.1 Analyte-free water: Prepare by continuously bubbling nitrogen gas through tap 
water. 

8.2.2 Methanol, purge and trap grade 

8.2.3 Sand: Prepare by baking in an oven at >70 °C for a minimum of 3 hours. 

8.3 Standards 

8.3.1 Stock Internal Standard (I.S.), 2000 ug/ml each in methanol. 
VENDOR CAT# COMPOUNDS 
Accustandard M-8260AlB-IS-10X Chlorobenzene-d5; 1,4-Dichlorobenzene-d5; 

Fluorobenzene 

8.3.2 Stock Surrogate (SURR) Standard, 2000 ug/ml each in methanol. 
VENDOR CAT# 
Accustandard 

 ICOMPOUNDS 
1-8260A/B-SS-10X 4-Bromofluorobenzene; Dibromofluoromethane; 1,2- 

Dichloroethane-d5; Toluene-d8 

8.3.3 Working I.S./SURR Solution, 50 ug/ml each: In a 10 ml volumetric flask, dilute 
250 ul of Stock I.S. and Stock SURR standards to the mark with methanol. Store 
the solution in the freezer. Prepare new solution at a minimum of every 6 
months. The addition of 5 ul of this solution to 5 ml of sample yields a 
concentration of 50 ug/I. 
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8.3.4 Stock Calibration Standards, 2000 ug/ml each (unless otherwise noted) in 
methanol. 

GROUP VENDOR CAT# COMPOUNDS 
Non- Accustandard M-502A-R2- 
gases 10X 

See Table in Section 18.0 
Method Accustandard M-8260-ADD- Acetone; 2-Butanone; 
8260 10X Carbon disulfide; 2- 
Additions Chloroethylvinyl ether; 2- 

Hexanone; lodomethane; 4- 
Methyl-2-pentanone; Vinyl 
acetate 

Gases Accustandard M-502B-10X Bromomethane; 
Chloroethane; 
ChlorometHane; 
D ichlorod ifluoromethane; 
Tri chl orofl u oro m etha ne; 
Vinyl chloride 

Accustandard M-603-10X Acrolein; Acrylonitrile @ 
10,000 ug/ml each 

Accustandard APP-9-005-10X Acetonitrile @ 10,000 ug/ml 
Accustandard S-078-10X Methyl-t-butyl ether 

8.3.5 Intermediate Calibration Standards: In separate 1 ml volumetric flasks, prepare 
the following dilutions of the stock calibration standards with methanol. Store the 
standards in a freezer. Prepare new solutions at a minimum of every 6 months 
with the exception of the Gases, which must be prepared on a weekly basis. 

Group Vol. Stock Cal. Final Conc., 
Std., 	ul ug/ml 

Non-gases and 25 each 50 
Method 8260 
Additions 
Gases 25 50 
Acrolein; 50 500 
Acrylonitrile 
Acetonitrile 50 500 
Methyl-t-butyl 25 50 
ether 

8.3.6 Working Calibration Standards:  Water Linearity  - In separate 50 ml volumetric 
flasks, prepare the following dilutions with lab pure water. Transfer the prepared 
standards to 40m1 VOA vials leaving zero headspace. 

Linearity 
Standard # 

Vol. Inter. 
Cal. Std, ul 

Final Conc. 
ug/I 

1 5 5 
2 10 10 
3 20 20 
4 50 50 
5 100 100 

.6 200 200 
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Soil Linearity  — Using a 5.0 mi syringe, individually prepare the following dilutions 
with lab pure water. Transfer the prepared standards to 40m1 V_OA vials for 
analysis. 

Linearity 
Standard # 

Vol. Inter. 
Cal. Std, ul 

Final Conc. 
Ug/I 

1 0.5 5 
2 1 10 
3 2 20 
4 5 50 
5 10 100 
6 20 200 

8.3.7 Working Calibration Verification (CCV) Standard, 50 ug/I each: Use the Linearity 
Standard #4. 

8.3.8 Stock Verification/Spike Standards, 2000 ug/ml each (unless otherwise noted) in 
methanol. 

GROUP VENDOR CAT# COMPOUNDS 
Non- Supelco 502111 
gases 

See Table in Section 18.0 
Gases Supelco 48799-U Bromomethane; 

Chloroethane; 
Chloromethane; 
Dichlorod ifluoromethane; 
Trichlorofluorometha ne; 
Vinyl chloride 

8240B CaI Supelco 47364 Acetone, Acetonitrile, 
Mix 2 Acrylonitrile, 2-Butanone, 2- 

Hexanone, 4-methyl-2- 
pentanone 

MTBE Restek 30402 Methyl-t-butyl ether 
Carbon Carbon Disulfde 
Disulfde Restek 30258 
2-CEVE Restek 30265 2-Chloroethylvinyl ether 
Vinyl Vinyl Acetate 
Acetate Restek 30216 
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8.3.9 Intermediate Verification/Spike Standards: In separate volumetric flasks, prepare 
the following dilutions of the stock calibration verification standards with 
methanol. Store the standards in a freezer. Prepare new solutions at a minimum 
of every 6 months with the exception of the Gases, which must be prepared on a 
weekly basis. 

Group Vol. Stock Finai Vol., ml Final Conc., ug/ml 
Verif. Std., ul 

Gases 25 1 50 
Non- 25 1 50 
gases 
Method 25 1 50 
8240B Cal 
Mix 2 
MTBE, 25 each 1 50 
Carbon 
Disulfide, 
2-CEVE, 
and Vinyl 
Acetate 

8.3.10 Initial Calibration Verification (ICV) Standard, 50 ug/I: For water calibrations, in a 
50 ml volumetric flask, dilute 50 ul of the intermediate verification/spike standards 
to the mark with lab pure water. For solid calibrations, in a 5.0 mi syringe, dilute 
5.0 ul of the intermediate verification/spike standards to volume with lab pure 
water. Transfer this prepared standard to a 40m1 VOA vial for analysis. 

8.3.11 LCS: For water calibrations, in a 50 ml volumetric flask, add 20 ul of the 
intermediate verification/spike standards to 50 ml of lab pure water. This 
prepares a LCS on 20 ug/I each. For a solid LCS, add 5.0 ul of the intermediate 
verification/spike standards to 5 ml of lab pure water. Transfer this standard to a 
40m1 VOA vial containing 5g of sand. This prepares a LCS of 50 ug/I each. 

8.3.12 MS/MSD, 50 ug/I each for Method 8260 and 20 ug/I each for Method 624: In a 25 
ml volumetric flask, measure 25 ml of sample and add 25 ul of the intermediate 
verification/spike standards to prepare a MS of 50 ug/I. Use 10 ul of the 
intermediate verification/spike standards to prepare a MS of 20 ug/I. For solid 
samples, spike 5g of sampie with 5.0 ul the standards for Method 8260. This 
prepares a spike of 50 ug/kg each. 

8.3.13 Method Blank (MB): Analyte-free water is used for the MB associated with the 
analysis of water and methanol extracted samples. 5g of sand is used for the 
MB associated with the analysis of solid samples. 

9.0 SAMPLE COLLECTION, PRESERVATION, AND HOLDING TIMES 

9.1 The client or other trained personnel collect samples. Samples received at the 
Iaboratory are considered representative unless otherwise noted. 
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9.2 Water samples should be collected in a 40 ml glass vial with a Teflon lined lid 
(VOA vial) leaving zero headspace. Preservation consists of HCI to pH < 2 and 
storage in the range of 0.1-6 °C. Samples are stored in the dedicated VOA cooler 
and analysis must be performed within the maximum allowable hold time of 14 
days from collection for acid preserved water samples. The analyst must measure 
the pH  after  sample analysis has been perFormed. The result of these checks is 
noted on the injection log. Any sample not meeting the requirement of pH < 2 
must be qualified in a Case Narrative to the client. 

9.3 Solid samples should be collected according to the specifications described below. 
The collection steps include the preservation technique. AII sample containers 
received for analysis according to Method 5035 for strict adherence to the method 
must be chemically preserved with sodium bisulfate (NaHSO 4) or methanol and 
retained at 4 °C until analysis. The maximum allowable hoCd time for chemically 
preserved samples is 14 days from collection. Samples received for programs that 
allow freezing as an alternative to the chemical preservation must be frozen at —12 
+ 2°C within 24 hours of receipt at the lab to inhibit biodegradation. This thermal 
preservation technique provides for a maximum hold time of 7 days from 
collection. Without the thermal preservation (i.e. freezing), samples must be 
analyzed within 48 hours of collection. Samples stored at 4 °C are retained in the 
dedicated VOA cooler and samples stored at —12°C are retained in the organics 
freezer. 

9.3.1 Method 5035 

9.3.1.1 Low Ievel samples. At the time of sample collection, 5g of sample are placed 
into a pre-weighed VOA vial. The vials are sealed, chilled to 4 °C, and shipped 
#o the laboratory for receipt within 48 hours of collection. Upon receipt, the vials 
are re-weighed to obtain the weight of sample, which is recorded in a logbook. 

9.3.1.2 Medium/High level samples. At the time of sample collection, 5g of sample are 
placed into a pre-weighed VOA vlal containing 10 mI of purge-and-trap grade 
methanol. The vials are sealed, chilled to 4 °C, and shipped to the laboratory. 
Upon receipt, the vials are re-weighed to obtain the weight of sample, which is 
recorded in a logbook. 

9.3.1.3 Field-unpreserved samples. The sample is collected in an air-tight storage 
container. These devices collect the sample in a storage chamber that may be 
sealed leaving zero headspace. Acceptable examples include Encore 
samplers or other coring devices. The samples are then chilled to 4 °C and 
shipped to the laboratory for receipt within 48 hours of collection. 

9.3.2 Method 5030 

9.3.2.1 Field-unpreserved samples. The sample is collected in container with minimal 
headspace and unopened until analysis. Acceptable examples include glass 
jars with Teflon Iined lids. The samples are then chilled to 4 °C and shipped to 
the laboratory for receipt within 48 hours of collection. 
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10.0 QUALITY CONTROL 

10.1 An Initial Demonstration of Capability study must be performed prior to the initial 
analysis for each analyst and whenever substantial change has occurred in the 
procedure or instrument. Analyze four separate standards prepared in the range 
of 8-10 times the method detection limit listed in section 18.0. These standards 
must be from a source different from that used for calibration and taken through 
the entire analytical procedure. Submit the data to the QA department for 
evaluation. Refer to the  Capability and Detection Limit Studies  SOP for details. 

10.2 A Method Detection Limit study must be performed for each new procedure, 
annually thereafter, and whenever a change in instrument occurs. Analyze a 
minimum of seven (maximum of ten) standards prepared in the range of 2-5 times 
the method detection limit listed in section 18.0 or an estfmated detection limit. 
These standards must be taken through the entire analytical procedure. Submit 
the data to the QA department for evaluation. Refer to the  Capability and  
Detection Limit Studies  SOP for details. 

10.3 Internal Standards ( I.S.) must be added to all standards, QC samples and 
environmental samples. Acceptance criteria for CCV are RT  +  30 seconds from 
that in the midpoint level standard of the most recent initial calibration and area 
counts within the range of -50 to +100% of those in the same linearity standard. 
These criteria are evaluated by the data system and printed on the Continuing 
Calibration Report. Failures are automatically flagged on this report. If 
acceptance criteria are not met for the CCV, perform instrument maintenance or 
perPorm a new initial calibration. As there are no absolute requirements for I.S. 
recovery in samples, the acceptance criteria for the CCV should be used as 
guidance in evaluating the response for samples. Typically, if the I.S. exhibits poor 
response the surrogates will not meet their QC criteria, which will result in sample 
reanalysis. Therefore, if the sample internal standard response does not meet the 
CCV acceptance criteria evaluate the surrogate recoveries. If the surrogate 
recoveries are acceptable and the internal standard response for the sample is in 
the range of —75 to +100% the sample results should be reported. If the surrogate 
recoveries are acceptable and the internal standard response for the sample is 
below 25% the analyst should consult with the Unit Supervisor and use discretion 
on whether to report or reanalyze the sample. This discretion is dependent on the 
experience of the analyst and their Supervisor and factors such as a consistent 
response for the I.S. should be considered. If the surrogate recoveries are not 
acceptable and the internal standard response in the sample does not meet the 
CCV acceptance criteria, the sample should be reanalyzed regardless of the hold 
time. If reanalysis yields poor internal standard response, or if reanalysis is 
performed beyond the hold time, both sets of data should be reported. to the client 
and a Case Narrative written. 

10.4 Surrogate (SURR) compounds must be added to all quality control samples, 
blanks, and samples. Acceptance criteria are the statistically generated matrix- 
specific recovery limits listed in section 18.0. These criteria are evaluated by the 
LIMS and printed on the LIMS QC Report and analytical report submitted to the 
client. Failures are automatically flagged with a"S" on these reports. If the 
acceptance criteria are not met for a sample, reanalyze. If reanalysis does not 
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yield acceptable recovery, both sample sets must be supplied to the client. If 
reanalysis is perFormed beyond the maximum allowable hold time, both sample 
sets must be supplied to the client and the appropriate result flagged with a"H" 
qualifier as defined in the LIMS. If insufficient sample is available for reanalysis 
the original result should be reported and qualified in the Case Narrative to state 
this as the reason for no reanalysis being perFormed. If the acceptance criteria are 
not met for a method blank but are met for the QC samples and environmental 
samples, report the sample results qualified for the MB failure in the Case 
Narrative. 

10.5 An Instrument Tune must be performed at the beginning of every 12 hour 
analytical sequence. This is accomplished by injecting 1 ul of the working 
I.S./SURR solution into the injection port of the GC while pressing the start bufton 
to initiate the run using the BFB method programmed into'the software. 
Acceptance criteria are listed in section 18.0. If the acceptance criteria are not 
met, repeat. Sample analysis cannot be performed without first meeting the tune 
criteria. 

10.6 An Initial Calibration Verification (ICV) must be analyzed immediately after the 
initial linearity (ICAL). This is the analysis of a second source standard. 
Acceptance criteria are the statistically generated recovery limits listed in section 
18.0. If the acceptance criteria are not met, reanalyze. If reanalysis fails to meet 
the acceptance criteria, analysis must be stopped, the problem corrected, and the 
instrument recalibrated. 

10.7 A Continuing Calibration Verification (CCV) standard is a calibration source 
standard and must be analyzed at the beginning of each analytical sequence 
following an acceptable instrument tune. The 12-hour analytical sequence begins 
with the injection of BFB, continues through the analysis of samples and QC 
samples. Acceptance criteria for Method 8260 are RF for SPCCs (see section 11) 
and RF for CCCs  <  20% difference from the initial calibration. If acceptable criteria 
are not met, reanalyze. If reanalysis fails to meet the acceptance criteria, 
recalibrate. Samples with a non-detect concentration may be reported if the CCV 
fails to meet the acceptance criteria with a positive bias. 

10.8 A Method Blank (MB) must be analyzed with each batch of up to 20 samples per 
day (at a minimum of 1 per day) per matrix and with each new set of reagents. 
Analyte-free water or sand is used, as appropriate. Acceptance criteria are no 
detects above the PQL. If the MB concentration is greater than the PQL, the MB is 
acceptable if the blank concentration is less than 1/10 of the sample concentration 
or if there are no detects in the sample. If the acceptance criteria are not met, 
reanalyze. If this reanalysis does not meet the acceptance criteria, those samples 
that are effected by the failed MB must be reanalyzed. Samples that are valid with 
the failed MB may be reported with a"B" qualifier as defined in the LIMS. When a 
MB is contaminated, corrective action steps must be taken to identify and eliminate 
the cause of the contamination. 

10.9 A Laboratory Control Sample (LCS) must be analyzed at the beginning of each 
batch of a maximum 20 environmental samples per matrix immediately following 
an acceptable method blank and prior to the analysis of any environmental 
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samples. This is the analysis of a second source standard spiked into analyte-free 
water or sand, as appropriate, and serves as the daily calibration check as 
required in Method 624. Acceptance criteria are the statistically generated 
recovery limits listed in section 18.0 for Method 8260B or the recovery limits in 
Table 5 of Method 624, as appropriate. If the acceptance criteria are not met, 
reanalyze. If reanalysis fails to meet the acceptance criteria, analysis must be 
stopped, the problem corrected, and the instrument recalibrated. If samples are 
analyzed in a sequence with a failed LCS, the samples must be reanalyzed. If 
insufficient sample is available for reanalysis the original result should be reported 
and qualified in the Case Narrative. If the hold time has expired and reanalysis 
performed, both sets of data should be reported and the appropriate result flagged 
with a"H" qualifier as defined in the LIMS. Samples with a non-detect 
concentration may be reported if the LCS fails to meet the acceptance criteria with 
a positive bias. A full-list spike is added for the MS/MSD, although acceptance is 
based upon only those compounds in Table 5 of Method 624 (see tables in section 
18.0). The recoveries of the other compounds are evaluated as informational only 
or as required by the request of the client. 

10.10A Matrix Spike and Matrix Spike Duplicate (MS/MSD) must be analyzed with each 
batch of up to 20 samples per day (at a minimum of 1 per day). When insufficient 
sample is available for a MSD, a MS may be performed on two different samples 
or a duplicate laboratory control sample (LCSD) should be analyzed. Accuracy 
criteria are the statistically generated recovery limits listed in section 18.0 for 
Method 8260B or the recovery limits in Table 5 of Method 624, as appropriate. 
The MS/MSD remains acceptable if the failed recovery is positive bias (high) and 
there are no detects in the sample. If the acceptance criteria are not met for the 
MS, evaluate the MSD for accuracy. If the acceptance criteria are met in the MSD, 
continue. If the accuracy criteria are not met in the MS or MSD, and the LCS is in 
control, assume matrix interrerence and report the results with a"S" qualifier as 
defined in the LIMS. Precision criteria are the statistically oenerated limits in the 
LIMS. If the precision criteria are not met, report the results with a"R" qualifier as 
defihed in the LIMS. A full-list spike is added for the MS/MSD, although 
acceptance is based upon only those compounds in Table 5 of Method 624 (see 
tables in section 18.0). The recoveries of the other compounds are evaluated as 
informational only or as required by the request of the client. 

11.0 CALIBRATION AND STANDARDIZATION 

11.1 PerForm the required preventative maintenance as necessary. Daily, the carrier 
gas must be checked. A new tank is used when the pressure drops below 500 psi. 
A new Initial Calibration (linearity) is required as indicated by the quality control 
elements. 

11.2 Instrument conditions are as follows: 
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Concentrator 
Standby: 
Purge: 
Dry Purge: 
Desorb preheat 
Desorb: 
Bake: 

35°C 
11 minutes 
6 minutes 
245°C 
2 minutes at 250°C 
10 minutes at 260° C 

Gas Chromatograph 
Inlet B: 	 200°C 
Detector B: 	250°C 

BFBTune.m 
Initial temperature: 35°C 
Initial time: 2.0 minutes 
Rate: 20°C / minute 
Final temperature: 195°C 
Final time: 0.0 minutes 
Run time: 10.0 minutes 

NEWVOA.m 	 I 

Initial temperature: 	35°C 
Initial time: 2.0 minutes 
Rate A: 8°C / minute 
Final temperature: 130°C 
Final time: 0.0 minutes 
Rate B: 15°C / minute 
Final temperature: 180°C 
Final time: 0.0 minutes 
Rate C: 25°C / minute 
Final temperature: 230°C 
Final time: 4:0 minutes 
Run time: 23.2 minutes 

11.3 Purging and transfer to the LSC3000 is initiated through the SOLAtek 
autosampler. The GClMS is enabled by using the Method — Run pulldown menus 
on the instrument top window on the computer. The internal standards and 
surrogates are automatically added to each standard/sample. 

11.4 Separate 6-point calibrations (linearity) are performed for waters and solids. The 
solids linearity uses a heated purge. The concentration of the low standard must 
be set near or below the routine PQL for each compound. 

11.5 Set up analysis sequence in Sample Table Log in Sequence in main menu. 

11.6 Enter the sequence as it is to be run, including the applicable analysis method. An 
ICV standard must be analyzed following the generation of a new linearity and the 
acceptance criteria met before continuing with sample analysis. If the acceptance 
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criteria are met, rename the method "WTRmmdd" or "SOILmmdd", as appropriate, 
where mmdd designates the month and date of the new linearity. 

11.7 Following an acceptable ICV, a BFB tune, CCV, method blank and LCS must be 
run. Samples may be analyzed if these controls are acceptable. 

11.8 After each sample has run, the report is retrieved and quantitated against the 
current initial linearity. The chromatogram is examined to determine that all 
compounds present have been detected. 

11.9 For standards, the software will calculate RF values and % difference values for all 
analytes. The average RF must be < 30% for the CCCs and <15% for alI target 
compounds as well as the SPCCs must meet the criteria below. Where these 
criteria are met the calibration is considered linear and the average RF is used for 
concentration calculations. 

SPCC Criteria  
>  0.300 for Chlorobenzene and 1,1,2,2-Tetrachloroethane 
>0.100 for Chloromethane, and 1,1-Dichloroethane, and Bromoform 

CCC Compounds  
1,1-Dichloroethene, 1,2-Dichloropropane, Chloroform, Ethylbenzene, 
Toluene and Vinyl chloride 

11.9.1 If the average RF > 15 for any target compound, averaging may be used to 
identify a linear curve. This technique assesses the average °/oRSD of all 
compounds in the calibration curve. If the RSD of all (target and non-target) 
compounds is  <  15%, the calibration can be considered acceptable and the 
average RF used. When used, the fact of its use and average RSD must be 
reported to the data user. 

11.101f the linearity requirements are not met, take appropriate corrective actions and 
recalibrate. Analysis of environmental samples cannot proceed without the 
generation of an acceptable linearity. 

12.0 PROCEDURE 

12.1 SAMPLE PREPARATION 

12.1.1 Water Samples 

12.1.1.1 Load the VOA vials onto the autosampler. The purge and trap unit removes a 5 
ml aliquot of sample and adds 5ul of the internal standard/surrogate solution for 
analysis. Dilutions up to 1:10 can be programmed and prepared by the 
autosampler. Higher dilutions, if necessary, must be prepared in volumetric 
flasks and transferred to VOA vials for analysis. 

12.1.2 Solid Samples — Method 5035 
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12.1.2.1 For low-level samples collected directly into VOA vials - Load the VOA vials 
onto the autosampler. The vials contain a stir bar and 5g of sample and the 
NaHSO 4  preservative (if used). The purge and trap unit adds 5ul of the internal 
standard/surrogate solution and 10 mI lab pure water for analysis. 

12.1.2.2 For low-level samples collected with coring devices — On the day of 
analysis, allow the unopened storage device to reach ambient temperature, 
extrude the sample into a tared VOA vial containing a stir bar and record the 
sample weight. Record the weight in the logbook and place the vial on the 
autosampler. The purge and trap unit adds 5ul of the internal 
standard/surrogate solution and 10 ml lab pure water for analysis. 

12.1.2.3 For medium/high level samples collected with methanol preservation — 
Transfer 1 ml of the extract to a 50 ml volumetric flask partially filled with lab 
pure water. (If the sample is expected to be very high in concentration use a 
lesser sample volume than 1 ml as the maximum sample : water ratio is 100 ul 
sample per 5.0 ml water.) Dilute the sample to the mark with lab pure water, 
transfer the solution to a VOA vial and load the vial onto the autosampler. 
Analyze the sample as a water sample (i.e. non-heated purge). The purge and 
trap unit adds 5ul of the internal standard/surrogate solution for analysis. 

12.1.3 Solid Samples — Method 5030 

12.1.3.1 For low-level samples - Transfer 5.Og of sample into a tared VOA vial 
containing a stir bar and record the sample weight. Load the VOA vial onto the 
autosampler. The purge and trap unit adds 5ul of the internal 
standard/surrogate sotution and 10 ml lab pure water for analysis. 

12.1.3.2 For medium/high level samples — Transfer 5.Og of sample into a tared VOA 
vial containing a stir bar and record the sample weight. Add 10.0 ml of 
methanol into the vial, cap and shake for 2 minutes. Transfer approximately 2 
mI of the extract into a GC autosampler vial. This extract must be stored in the 
dark, at 4°C, until analyzed. To analyze, transfer a measured aliquot (maximum 
of 1 ml) of the extract to a 50 ml volumetric flask and dilute to the mark with 
analyte-free water. (This corresponds to the method required maximum of 100 
ul sample per 5 ml final volume.) Transfer the diluted extract into a VOA vial 
leaving zero headspace. Place the vial on the autosampler and analyze as a 
water sample (i.e. non-heated purge). 

12.2 ANALYSIS 

12.2.1 Once it has been determined that the tune and calibration verifications meet their 
respective criteria, the analysis of samples can begin. A typical sequence follows 
the order: Tune, CCV, MB, LCS, environmental samples and QC samples. 

12.2.2 If the concentration of any target compound in a sample exceeds the initial 
calibration range, a new aliquot of that sample must be diluted and analyzed. 
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12.2.2.1 For water samples, dilutions should be prepared in volumetric flasks. 
Intermediate dilutions may be necessary for extremely large dilutions. 

12.2.2.2 For solid samples, as little as 0.5g of sample may be weighed and analyzed. If 
a greater dilution is required, the medium level, methanol extract, method must 
be used. 

13.0 CALCULATIONS AND DATA HANDLING  

13.1 After review, enter final results into the LIMS system. Results flagged by the LIMS 
with an "E" qualifier are above the linear range of the instrument. There is less 
certainty in these data and, if sufficient sample and holding time are available, 
should be reanalyzed at an appropriate dilution. Details on the procedure for 
entering analytical data are in the Data Entry SOP. The peak integrations must be 
performed according to the Manual Integration of Chromatographic Peaks SOP. 

13.2 The data system calculates the sample concentration as follows: 

Conc. = _(A~~JQ~) (DF) 
(As)(RF)(Vo) 

Where:Ax  = Area of characteristic ion for compound being measured 
I ~ = Amount of internal standard injected (ng) 
DF = dilution factor 
Als = Area of characteristic ion for the internal standard 
RF = Initial average response factor for compound being measured 
V. = Volume of water purged (ml) or mass of soil purged (g) 
NOTE: LA~XQ /(Ais)(RF) is calculated by the computer. 

13.3 The LIMS calculates the dry-weight concentration for solid samples as follows: 

Conc. Dry = (wet weight conc.) 
(100 - % Moisture) 

13.4 The data system soffware evaluates the retention time and comparison to the 
characteristic ions to identify any compounds present. The characteristic ions of 
the reference spectrum are the three ions of greatest intensity (or any ions having 
a relative intensity greater than 30% if less than three ions are present). The 
following criteria are used for qualitative identification. 

13.4.1 The characteristic ions of a compound must have a relative retention time of + 
0.06 units of the standard (RT + 30 sec for Method 624). 

13.4.2 The relative intensities of the characteristic ions are within 20% of those ions in 
the reference spectrum (30% for Method 8260). 

13.4.3 Structural isomers having a resolution of < 25% are considered isomeric pairs. 
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14.0 METHOD PERFORMANCE 

14.1 The latest Method Detection Limit Study and Initial Demonstration of Capability 
Study data are fisted in section 18.0. 

15.0 POLLUTION PREVENTION 

15.1 The quantity of chemicals purchased should be based on expected usage during 
their shelf life and the disposal cost of unused material. 

15.2 Prepare the minimum amount of reagent and standard necessary. 

16.0 WASTE MANAGEMENT 

16.1 Refer to the SIMALABS International  Sample Disposal  SOP for guidance on the 
disposal of any resulting residue, digestate, extract or standard. 

17.0 REFERENCES 

17.1 USEPA Method 624 

17.2 SW-846 Method 8260B 

17.3 SW-836 Method 5030 

17.4 SW-846 Method 5035 

17.5 SIMALABS International Quality Assurance Plan, current revision 

18.0 TABLES, FORMS, CHECKLISTS, AND OTHER ATTACHMENTS 

Calibration Standard Compounds 
M-502A-R2- Benzene; Bromobenzene; cis-1,3-Dichloropropene; Bromodichloromethane; 
1oX Bromoform; n-Butylbenzene; sec-Butylbenzene; tert-Butylbenzene; Carbon 

tetrachloride; Chlorobenzene; Chloroform; 2-Chlorotoluene; 4-Chlorotoluene; 
Non-gases Dibromochloromethane; 1,2-Dibromoethane; Dibromomethane; 1,2-Dibromo-3- 

chloropropane; 1,2-Dichlorobenzene; 1,3-Dichlorobenzene; 1,4-Dichlorobenzene; 
1,1-Dichloroethane; 1,2-Dichloroethane; 1,1-Dichloroethene; cis-1,2- 
Dichloroethene; ; trans-1,2-Dichloroethene; 1,2-Dichloropropane; 1,3- 
Dichloropropane; 2,2-Dichloropropane; 1,1-Dichloropropene; trans-1,3- 
Dichloropropene; Ethylbenzene; Hexachlorobutadiene; Isopropylbenzene; p- 
Isopropyltoluene; Methylene chloride; Naphthalene; n-Propylbenzene; Styrene; 
1,1,12-Tetrachloroethane; 1,1,2,2-Tetrachloroethane; Tetrachloroethene; 
Toluene; 1,1,1-Trichloroethane; 1,1,2-Trichloroethane; Trichloroethene; 1,2,3- 
Trichlorobenzene; 1,2,4-Trichlorobenzene; 1,2,3-Trichloropropane; 1,2,4- 
Trimethylbenzene; 1,3,5-Trimethylbenzene; o-Xylene; m-Xylene; p-Xylene 
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ICV/LCS/MS/MSD (2 	source verification) Standard Compounds 
Supelco Benzene; Bromobenzene; cis-1,3-Dichloropropene; Bromodichloromethane; 
502111 Bromoform; n-Butylbenzene; sec-Butylbenzene; tert-Butylbenzene; Carbon 

tetrachloride; Chlorobenzene; Chloroform; 2-Chlorotoluene; 4-Chlorotoluene; 
Non-gases Dibromochloromethane; 1,2-Dibromoethane; Dibromomethane; 1,2-Dibromo-3- 

chloropropane; 1,2-Dichlorobenzene; 1,3-Dichlorobenzene; 1,4-Dichlorobenzene; 
1,1-Dichloroethane; 1,2-Dlchloroethane; 1,1-Dichloroethene; cis-1,2- 
Dichloroethene; ; trans-1,2-Dichloroethene; 1,2-Dichloropropane; 1,3- 
Dichloropropane; 2,2-Dichloropropane; 1,1-Dichloropropene; trans-1,3- 
Dichloropropene; Ethylbenzene; Isopropylbenzene; p-Isopropyltoluene; Methylene 
chloride; Naphthalene; n-Propylbenzene; Styrene; 1,1,1,2-Tetrachloroethane; 
1,1,2,2-Tetrachloroethane; Tetrachloroethene; Toluene; 1,1,1-Trichloroethane; 
1,1,2-Trichloroeth2ne; Trichloroethene; 1,2,3-Trichlorobenzene; 1,2,4- 
Trichlorobenzene; 1,2,3-Trichloropropane; 1,2,4-Trimethylbenzene; 1,3,5- 
Trimethylbenzene; o-Xylene; m-Xylene; p-Xylene 

Method 62418260B Tune Criteria 
Mass lon Abundance Criteria 

50 15 — 40% of mass 95 

75 30 — 60 % of mass 95 

95 Base peak, 100% relative abundance 
96 5— 9% of mass 95 

173 < 2% of mass 174 
174 > 50 % of mass 95 
175 5— 9% of mass 174 
176 > 95 but < 101 % of mass 174 
177 5— 9% of mass 176 
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; (JfDL Study_~ Fjesults and PQLs 

Analyte 

. 	.:. 	. 	, 	.. 	. 	.... 	_.... 	.,:.t~ 	 .. 

M.DL 
ugtl or 
uglk9 

PQL; 	-. 
ug/l or-'. 

'::ug/kg ~'.. . 
Acetone 3.891 100 
Acrylonitrile 2.951 100 

Benzene 0.87 5 
Bromodichloromethane 7.18 5 

Bromoform 0.67 5 

Bromomethane 	 - 6.77 10 

2-Butanone 9.24 10 
Carbon Disulfide 1.05 5 
Carbon tetrachloride 1.07 5 
Chlorobenzene 0.72 5 
Chloroethane 7.66 10 
Chloroform  0.92 5 

Chloromethane 2.96 10 

Dibromochloromethane 0.71 5 

1, 1 -Dichloroethane 2.28 5 
1,2-Dichloroethane 0.84 5 
1,7-Dichloroethene 1.59 5 
cis-7,2-Dichloroethene 1.27 5 
trans-1,2-Dichloroethene 2.34I 5 
1,2-Dichloropropane 1.44 5 
cis-1,3-Dichloropropene 1.17 5 
trans-1,3-Dichloropropene 0.76 5 
Ethylbenzene 0.64 5 
2-Hexanone 6.48 10 
4-Methyl-2-Pentanone 1.44I 5 

Methyl-t-Butyl Ether 1.24I 5 
Methylene chloride 1.85 5 

Styrene 1.031 5 
1,1,1,2-Tetrachloroethane 0.62 5 
1,1,2,2-Tetrachloroethane 1.10 5 
Tetrachloroethene 1.16 5 
Toluene 1.68 5 
1,1,1-Trichloroethane 1.091 5 
7,1,2-Trichloroethane 1.41 5 
Trichloroethene 0.87 5 
Trichlorofluoromethane 1.82 10 
Vinyl chloride 1.66 10 
m,p-Xylene 2.26 10 
o-Xylene 	 - 0.93 5 
1,1-Dichloropropene 1.17 5 
1,2,4-Trichlorobenzene 1.20 5 
1,2,4-Trimethylbenzene 1.02 5 
1,2-Dibromoethane 1.24 5 
1,2-Dichlorobenzene 0.65 - 	5 
1,3,5-Trimethylbenzene 1.05 5 
1,3-Dichlorobenzene 0.86 5 
7,3-Dichloropropane 1.24 5 
1,4-Dichlorobenzene 0.78 5 
2-Chloroethyl vinyl ether 1.20 10 

2-Chlorotoluene 1.64 5 
4-Chlorotoluene 1.03 5 

Acetonitrile 9.79 100 
Bromobenzene 0.91 5 

Dibromomethane 0.76 1 5 
Dichlorodifluoromethane 1 	15,821 10 

Isopropylbenzene + 	1.40 	5 
n-Butylbenzene 1.28 	5 
n-Propylbenzene 1.23 	5 
p-Isopropyltoluene 0.95 	5 
sec-Butylbenzene 0.81 	5 
tert-Butylbenzene 0.93' 	_ - . 5~ 
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Surrogate Recovery Limits - Water 
SmIPuFge: 25mlPurge'_' 

,:Analyte u  ,. - Low,~ .~ iHigh-  ;,Lowk  ~ High _ _ 
1,2-Dichloroethane-d4 77.5 120 80.9 118 
4-Bro 

fl

mofluorobenzene 82.6 112 85.3 109 
Dibromouoromethane 81.3 1117 91.6 109 
Toluene-d8 86.9 1113 B7.3 111 

Surrogate Recovery Limits - Solid 
.,; t. 	- 	.._ 	 . 	. 	.,.. 	.-.. •... 	.  So3U ~: 

.. 
,a 

Api'alyte  

1,2~Dichloroethane-d4 F 67.9 1 142 B7.5 136 

4-Bromof
1

uorobenzene 58 .6 	119 60.6 120 
Dibromofluoromethane 170.8 	1132 	_ 85.8 123 
Toluene-d8 1 72.7 	1141 75.4 142 

Method 62418260 ICV Recovery Limits 

Chloromethane 	 15.7 164  
Vinyl chloride 	 137.2 152 

Bromomethane 	 10 287 
Chloroethane 0 347 

Trichlorofluoromethane 61.4 154 

1,1-Dichloroethene  56.6 124 

Methylene chloride 50.7 136 
trans-1,2-Dichloroethene 59.9 133 

1,1-Dichloroethane 64.3 124 
Chloroform 75.8 116 

1, 2-Dichloroethane 73.3 126 

1,1,1-Trichloroethane 72.1 129 

Benzene 74.1 119 

Carbon tetrachloride 56.6 142 

1, 2-Dichloropropane 75.4 121 
Trichloroethene 70.7 127 

Bromodichloromethane 71.9 122 

2-Chloroethyl vinyl ether 10 197 

1,1,2-Trichloroethane 75.6 123 

Dibromochloromethane 681 130 

Bromoform 54.9 138 

cis-1,3-Dichloropropene 174.2 128 
trans-1,3-Dichloropropene 1 75.8 127 

Toluene 179.6 122 

Tetrachloroethene 71.7 139 

Chlorobenzene 81.6 122 

Ethylbenzene 71.2 140 

1,1,2,2-Tetrachloroethane 54.8 144 

1,3-Dichlorobenzene 73.8 113 
1,4-Dichlorobenzene 78.9 119 	I 

1,2-Dichlorobenzene 17M 121 

- 	 Page 24 of 27 	 - 
E:\Policies  and Procedures (SOPs)\Techniczl Operations\Organics\SOPs-SIMALABS\624-8260Solatek(1).doc 



SOP ID: 624-8260Solatek(1) 
Revision: 0 

Revised Date: 07126/2601 

Method 8260 LCS Recovery Limits 
Sulids 

" 
 

:Analyte 	.._ 	.• 	' ~Low Higfi . 	Low-, ~~.High  
Chloromethane 5.7 I164 66.1 	I115 
Vinyl chloride 37.2 152 72.2 	I 131 
Bromomethane 0 287 10 324 
Chloroethane 0 347 	I82.6 129 
Trichlorofluoromethane 61.4 82.8 148 
1,1-Dichloroethene 56.6 

t136 
72.8 ~ 126 

Methylene chloride 50.7 69.8 116 
trans- 1 ,2-Dichloroethene 59.9 133 80.4 118 
1,1-Dichloroethane 64.3 124 86.3 110 
Chloroform 75.8 116 85.3 114 
1,2-Dichloroethane 73.3 126 70.7 139 
1,1,1-Trichloroethane 72.1 129 86.2 124 
Benzene 	-- 	~ 74.1 119 85.8 120 
Carbon tetrachloride 56.6 142 78.2 126 
1,2-Dichloropropane 75.4 121 78.9 123 
Trichloroethene 70.7 127 82.6 116 
Bromodichloromethane 71.9 122 79.5 124 
1,1,2-Trichloroethane 75.6 123 72 137 
Dibromochloromethane 68.1 1 130 86.7 106 
Bromoform 54.9 '136 169.6 133 	- 
cis-1,3-Dichloropropene 74.2 128 76.4 121 
trans-1,3-Dichloropropene 75.8 127 74.2 126 
Toluene 79.6 122 80.1 126 
Tetrachloroethene 71.7 139 BO 128 
Chlorobenzene 81.6 (122 83.9 123 
Ethylbenzene 71.2 140 83.8 1129 
1,1,2,2-Tetrachloroethane 	- 54.8 144 77.1 145 
1,3-Dichlorobenzene 73.8 113 82.7 119 
1,4-Dichlorobenzene 78.9 119 84 119 
1,2-Dichlorobenzene 79.6 121 83.3 125 
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Method 8260 MS/MSD Recovery Limits 
>Water , 	Solid 

Analyte 	.. Cow - , :-High'; ", RP .ftPD : 
~ Chloromethane  10.8 	1155 190.9 122.5 155 	173 
Vinyl chloride 33 151 31.2 21.5 174 49.3 
Bromomethane 0 	~ 243 52.8 0 277 	1112 
Chloroethane 	 10 1357 29.3 	10 439 45 
Trichlorofluoromethane 58.1 156 87.6 52.6 145 119 
1,1-Dichloroethene 50.1 125 31 40.5 140 	136.4 
Methylene chloride 55.4 130 28.7 29.8 177 	138.8 
trans-1,2-Dichlorcethene 56.9 132 66.1 48.7 145 36.5 
1,1-Dichloroethane 	. 68 179 14.2 60.5 134 24.1 

Chloroform 71.2 120 25 59.8 126 22.1 
1,2-Dichloroethane 67.7 1133 23.3 55.9 1149 41.2 

1,1,1-Trlchloroethane 63 1136 29 51.5 1149 24.4 
Benzene 60.6 130 123.7 	- 54.3 134 

Carbon tetrachloride 47.2 149  31.1  38.2 149 
1,2-Dichloropropane 	~ 71.4 125 26 61.2 	. 132 

N 

 

Trichloroethene 48.6 139 26.9 41.8 145 

Bromodichloromethane 65.8 126 28.4 53.8 134 22.4 
1,1,2-Trichloroethane 40.6 1 60.1 

165 25.9 49.2 147 

1 137 
34.4 

Dibromochloromethane 136 27.1 47.7 28.4 
Bromoform 40.5 146 28.B 33 131 141.3 

cis-1,3-Dichloropropene 66.9 134 28.7 37.1 176 39.2 
trans-1,3-Dichloropropene 69.9 130 27.9 35.6 155 36.4 

Taluene 69.7 130 25.4 45.3 147 44.7 

Tetrachloroethene 60.1 144 29.7 51.8 139 29.1 
Chlorobenzene 75.6 127 23 63.4 130 19 

Ethylbenzene 60.6 144 25.2 33 161 70.9 

1,1,2,2-Tetrachloroethane 46.8 168 22.3 24.9 201 85.2 
1,3-Dichlorobenzene 69.3 116 18.2 55.7 128 IB9.2 

1,4-Dichlorobenzene 73.9 122 17.1 61.2 133 89 

1,2-Dichlorobenzene 76.7 123 17.8 6L5 136 86J 
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4nitiaCDer»onstration of Capability' 'July 2001 	--;  
,. (Spfketl conc 	50"u4/1) 

•` Analyta 	 _ .  Stdf' 
Devl; 

- 	Std-, #' 
Dev.'Y 
Limits ~:, 

%R _; 	R 	= 
% Cirtiits 3 

Z nzene 	~ 	 I 1.02 ~ 6.9 1  87.2 70-130 

omodichloromethane 	 1 0.78 6.41 93.8 70-130 

Bromoform 2.5 6,41 86.2 70-130 

Bromomethane 8.8 17.91 80.4 70-130 

2-Butanone 1.9 4.61 91.4 70-130 

Carbon tetrachloride 	 - 2.5 5.2 75.8 70-130 

Chlorobenzene 2.0 6.3 104 70-130 

Chloroethane 6.5 11.4 178 70-130 

Chloroform 0.72 - 6.1 89.5 70-130 

Chloromethane 0.74 19.81 85.8 70-130 

Dibromochloromethane 3.0 6.11 96.5 70-130 

1, 1 -Dichloroethane 0.82 5.11 125 70-130 

1,2-Dichloroethane 	' 0.70 6.01 89.4 70-130 

1, 1 -Dichloroethene 1.6 9.11 67.4 70-130 

cis-1,2-Dichloroethene 0.97 NA 98.1 70-130 

trans-1,2-Dichloroethene 1.8 5.7 86.6 70-130 

1,2-Dichloropropane 0.81 13.8 97.6 70-130 

cis-1,3-Dichloropropene 1.4 15.6 92.3 70-130 

trans-1,3-Dichloropropene 	 I 2.0 10.4 93.4 70-130 

Ethylbenzene 2.2 .7.5 98.7 70-130 

Methylene chloride 1.4 7.41 76.8 70-130 

Styrene 2.0 NA 102 70-130 

1,1,1,2-Tetrachloroethane I 	2.6 NA 102 70-130 

1,1,2,2-Tetrachloroethane 0.66 NA 77.1 70-730 

Tetra chlo roethe ne 1.4 5.0 89.4 70-130 

Toluene 1 .61 4.8 99.3 70-130 

1,1,1-Trichloroethane I 	1.71 4.6 82.6 70-730 

1,1,2-Trichloroethane 1.41 5.5 89.5 70-130 

Trichloroethene 0.36 98.3 70-130 

Trichlorofluoromethane 3.0  73.4 70-130 

Vinyl chloride 1.8  
INA 

73.2 70-130 

m,p-Xylene 4.4  97.5 70-130 

o-Xylene 2.41 NAI 99.4 70-130 

1,1-Dichloropropene 1.5) NA 81.1 70-130 

1,2,4-Trichlorobenzene 1.8 NA 93.6 70-130 

1,2,4-Trimethylbenzene 1.5 NA 91.8 70-130 

1,2-Dibromoethane 2.8 NA 95.7 70-130 

1,2-Dichlorobenzene 1.8 7.1 98.3 70-130 

1,3,5-Trimethylbenzene 2.1 NA 95.5 70-130 

1,9-Dichlorobenzene 1.7 5.5 89.3 70-130 

1,3-Dichloropropane 1.4 NA 99.9 70-130 

1,4-Dichlarobenzene 2.4 7.1 96.6 70-130 

2-Chlorotoluene 3.5 NA 104 70-130 

4-Chlorotoluene 2.3 NA 101 70-130 

Bromobenzene 3.1 NA 102 70-130 

Dibromomethane 0.81 NA 87.3 70-130 

Dichlorodifluoromethane 1.3 NA 67.0 70-130 

Isopropylbenzene 1.9 NA 94.7 70-130 

n-Butylbenzene 1.4 NA 89.0 70-130 

n-Propylbenzene 2.2 NA 93.4 70-130 

p-Isopropyltoluene 0.98 NA 91.3 70-130 

sec-Butylbenzene 1.3 NA 85.8 70-130 

tert-Butylbenzene 0.98 NA 91.0 70-130 
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BY EPA METHOD 625 AND SW-846 METHOD 8270C 
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This SOP is effective upon signed approval by the following: 
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DISCLAIMER: This SOP has been developed for use at the SIMALABS 
International, Merrillville, Indiana facility. It is intended for use by trained analysts. 
As written, this SOP may not be specifically" applicable to the activities of other 
organizations. 
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2.1 This is a GC/MS procedure for the determination of semi-volatile organic 
compounds. This procedure is applicable to the analysis of extracts from 
aqueous, non-aqueous liquid, and solid matrix samples. The routine reporting 
limits are listed in the table below. These limits may vary due to matrix effects. 

ANALYTE PQL, PQL, 
ug/l ug/kg  

Pyridine 10 330 
N-Nitrosodimethylamine 10 330 
Phenol 10 330 
Aniline 10 330 
bis (2-chloroethyl) ether 10 330 
2-chlorophenol 10 330 
1,3-dichlorobenzene 10 330 
1,4-dichlorobenzene 10 330 
12-dichlorobenzene 10 330 
Benzyl alcohol 10 330 
bis (2-chloroisopropyl) ether 10 330 
2-methylphenol 10 330 
Hexachloroethane 10 330 
N-nitrosodi-n-propylamine 10 330 
3/4-methylphenol 10 330 
Nitrobenzene 10 330 
Acetophenone 10 330 
Isophorone 10 330 
2-nitrophenol 10 330 
2,4-dimethylphenol 10 330 
bis (2-chloroethoxy) methane 10 330 
2,4-dichlorophenol 10 330 
Benzoic acid 50 1600 
1,2,4-trichlorobenzene 10 330 
Naphthalene 10 330 
2,6-dichlorophenol 10 330 
4-chloroaniline 20 660 
Hexachlorobutadiene 10 330 
4-chloro-3-methylphenol 20 660 
2-methylnaphthalene 10 330 
Hexachlorocyclopentadierie 10 330 
2,4,5-trichlorophenol 10 330 
2,4,6-trichlorophenol 10 330 
2-chloronaphthalene 10 330 
2-nitroaniline 50 1660 
Acenaphthylene 10 330 
Dimethyl phthalate 10 330 

ANALYTE PQL, 
ug/l 

PQL, 
ug/kg  

2,6-dinitrotoluene 10 330 
3-nitro2niline 50 1660 
Acenaphthene 10 330 
2,4-dinitrophenol. 20 660 
Dibenzofuran 10 330 
4-nitrophenol 50 1660 
2,4-dinitrotoluene 10 330 
Fluorene 10 330 
4-chlorophenyl phenyl ether 10 330 
Diethyl phthalate 10 330 
4-nitroaniline 50 1660 
4,6-di nitro-2-methylp henol 50 1660 
N-Nitrosodiphenylamine 10 330 
1,2-diphenylhydrazine 10 330 
4-bromophenyl phenyl ether 10 330 
Hexachlorobenzene 10 330 
Pentachl orophenol 50 1660 
Phenanthrene 10 ' 330 
Anthracene 10 330 
Carbazole 10 330 
Di-n-butyl phthalate 10 330 
Fluoranthene 10 330 
Benzidine 10 330 
Pyrene 10 330 
Butyl benzyl phthalate 10 330 
Benzo(a)anthracene 10 330 
3,3'-dichlorobenzidine 50 1660 
Chrysene 10 330 
bis (2-ethylhexyl) phthalate 10 330 
Di-n-octyl phthalate 10 330. 
Benzo(b)fluoranthene 10 330 
Benzo(k)fluoranthene 10 330 
Benzo(a)pyrene 10 330 
Indeno(1,2,3-cd)pyrene 10 330 
Dibenz(a,h)anthracene 10 330 
Benzo(g,h,i)perylene 10 330 

2.2 Methods 8270C and 625 can be used to quantitate most neutral, acidic, and basic 
organic compounds that are soluble in methylene chloride and are capable of 
being eluted, without derivitization, as sharp peaks from a gas chromatographic 
fused silica capillary column. Some of these compounds are: polynuclear aromatic 
hydrocarbons, chlorinated hydrocarbons and pesticides, phthalate esters, 
nitrosamines, ethers, anilines, aromatic nitro compounds, and phenols. 
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3.0 SUMMARY 

3.1 Semi-volatile organic compounds are extracted from the sample matrix using 
methylene chloride. After concentration, the extract is injected into the GC/MS 
system and analyzed following the more stringent criteria between SW-846 
Method 8270C and EPA Method 625. 

4.0 DEFINITIONS 

4.1 Accuracy — The degree of agreement of a measured value with the true or 
expected value of the quantity of concern (% recovery of a known spiked analyte). 

4.2 Aliquot — A measured portion of a sample, or solution, takeri for sample preparation 
or analysis. 

4.3 Analyte — The specific component measured in a chemical analysis. 

4.4 Analytical Batch —A group of samples which are analyzed, at the instrument level, 
together using the same method, reagents and apparatus within the same time 
period. Typically, these are samples in the same workgroup (WG) in the analytical 
department of the LIMS. 

4.5 Blank — An artificial sample designed to assess specific sources of laboratory 
contamination. There are several types of blanks, which monitor a variety of 
processes: 

Calibration Blank — An aliquot of the standard diluent (water or organic 
solvent) that is not carried through the sample preparation scheme. It is 
analyzed to verify that the analytical system is free from contamination. 
Also referred to as an instrument blank or solvent blank. 
Field Blank — blanks that are collected in the field and analyzed to 

- determine the level of contamination introduced into the sample due to 
sampling technique. 
Method Blank — An aliquot of lab pure water or solid matrix taken through 
sample preparation (when required) and analysis. It is a test for 
contamination in sample preparation and analyses. Also refen -ed to as a 
Preparation Blank. 

4.6 Bias — The deviation of a measured value from a known or accepted" value due to 
matrix effects or method performance. Bias may be determined quantitatively to 
correct measured values. Bias may be positive or negative. 

4.7 Calibration — The establishment of an analytical curve based on the absorbance, 
response, emission intensity, or other measured characteristic of known standards. 
The calibration standards must be prepared using the same type and concentration 
of acids, solvents, or other solutions used in the sample preparation. 
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4.8 Calibration Factor — A measure of the gas chromatographic response of a target 
analyte to the mass injected. The calibration factor is analogous to the Re!ative 
Response Factor (RRF) used in the volatile and semi-volatile fractions. 

4.9 Continuing Calibration Verification Standard (CCV) — A calibration standard used to 
verify the continued acceptability of the initial calibration curve. A CCV must be 
analyzed at the beginning of each analytical sequence following an acceptable 
instrument tune. 

4.10 Detection Limit — The smallest concentration/amount of some component of interest 
that can be measured by a single measurement with a stated Ievel of confidence. 

• MDL — Method detection limit. The minimum concentration of a substance that 
can be measured and reported with a 99% degree of confidence. MDLs are 
determined by analyzing a minimum of seven consecutive standards that have 
been processed through all preparatory steps. These standards must meet 
criteria of bias and precision. 

• PQL — The Practical Quantitation Limit is the lowest concentration that can 
reliably be achieved within specified limits of precision and accuracy during 
routine laboratory operating conditions. Typically, the PQL is a value in the 
range of 5- 10 times the MDL. Also referred to as the Estimated Quantitation 
Limit (EQL). 

4.11 Initial Calibration Verification (ICV) — A standard used to verify the accuracy of 
calibration standards. Prepared from a second source than that of the calibration 
standards, and analyzed immediately after the generation of a new calibration 
curve, its known value is measured against the calibration curve. This determines 
the integrity of working standards. Also referred to as an external verification 
standard or check standard. 

4.12 Holding Time — The maximum storage time allowed between sample collection, 
sample extraction, and sample analysis. 

4.13 Internal Standard (I.S.) —Applicable to GC, GC/MS and LC analyses only. A 
compound(s), not of interest as a target compound, which is added to all samples, 
QC samples, and calibration standards just prior to instrument analysis. Internal 
standards are used as the basis for quantitation of target compounds for GC and 
GC/MS analysis. 

4.14 Laboratory Control Sample (LCS) — An aliquot of analyte-free water or solid matrix 
spiked with target analytes or compounds representative of target analytes. The 
sample is carried through the entire analytical process and analyte recovery is used 

- 

	

	to monitor method performance. Also referred to as a laboratory fortified blank 
(LFB). 

4.15 Laboratory Control Sample Duplicate (LCSD) — An aliquot of analyte-free water or 
solid matrix spiked with the identical amount(s) of target analyte(s) as the LCS. 
Results of the two spikes are used to assess both the bias and precision of a 
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method with a given sample matrix. Also referred to as a Iaboratory fortifed blank 
duplicate (LFB DUP). 

4.16 Matrix —The component or substrate which may contain the analyte of interest. 
Matrices are limited to the following: aqueous (includes extracts from the TCLP or 
other extraction procedure, groundwater, surface water, and wastewater), drinking 
water (potable water and laboratory pure water), non-aqueous liquid (organic liquid 
having <15% settleable solids), and solid (includes sediment, sludge, and soil). 

4.17 Matrix Spike (MS) — An aliquot of a sample that is spiked with a known amount of 
target analyte(s). Recovery of the matrix spike, expressed as percent recovery, is 
used to assess the bias of a method in a given sample matrix. Also referred to as a 
laboratory fortified sample matrix (LFSM). 

4.18 Matrix Spike Duplicate (MSD) — An aliquot of the same sample used for the MS, 
spiked with the identical amount(s) of target analyte(s) as the MS. Results of the 
two spikes are used to assess both the bias and precision of a method with a given 
sample matrix. Also referred to as a laboratory fortified sample matrix duplicate 
(LFSM DUP). 

4.19 Percent Difference (%D) — Used to compare two values, the percent difference 
indicates both the direction and the magnitude of the comparison. The percent 
difference may be either negative, positive, or zero. (In contrast, see relative 
percent difference.) 

%D = X — Y * 100 
X 

where: X = value 1 
Y = value 2 

4.20 Percent Recovery — A measure of accuracy that is calculated as the measured 
value relative to the true value, expressed as a percent. 

%R = MV * 100 
TV 

where: MV = measured value 
lV = true value 

4.21 Precision —The degree of mutual agreement characteristic of independent 
measurements as the result of repeated application of the process under specified 
conditions. It is concerned with the comparability of results from duplicate or 
replicate analyses. (%RPD between the recoveries of two known analyte spikes, 
and %RSD between the recoveries of three or more measurements). 
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4.22 Preparation Batch — A group of samples of similar composition which are prepared 
together using the same method, reagents and apparatus within a 24 hour calendar 
day or every 20 samples, whichever is more frequent. 

4.23 Preservative — A reagent added to a sample, or an action used, to prevent or slow 
decomposition or degradation of a target analyte or a physical process. Thermal and 
chemical preservation may be used in tandem to prevent sample deterioration. 

4.24 Relative Percent Difference (% RPD) — Used to compare two values, the relative 
percent difference is based on the mean of the two values, and is reported as an 
absolute value, i.e., always expressed as a positive number or zero. (In contrast, 
see percent difference.) 

% RPD =  IX - YI  ' 100 
(X + Y) / 2 

where: X = value 1 
Y = value 2 

4.25 Relative Response Factor — Applicable to GC, GC/MS, and LC analyses only. A 
measure of the relative response of an analyte compared to that of its internal 
standard. Relative response factors (RRF) are determined by analysis of 
calibration standards and are used in the quantitation of target analytes in 
samples. RRF is calculated as follows: 

RRF =  Ax x Cis  
Ais x Cx 

where: Ax = area of the compound of interest measured 
Cis = concentration of the internal standard 
Ais — area of the internal standard 
Cx = concentration of the analyte of interest 

4.26 Relative Retention Time (RRT) — The ratio of the retention time of a compound to that 
of a standard (such as an intemal standard). 

RT, 
RRT = ------- 

RT;s  

where: RT, = Retention time for the target or surrogate in continuing calibration 
RT ;s  = Retention time for the internal standard in calibration standard or 
sample 

4.27 Relative Standard Deviation (% RSD) — Used to compare more than two values, 
the relative standard deviation is based on the variance and the mean of the 
values, and is reported as an absolute value, i.e., always expressed as a positive 
number or zero. . 
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% RSD =  s  ' 100 
avg. 

where: s = standard deviation 
avg. = arithmetic average 

4.28 Retention Time — The time elapsed from sample injection until the specific compound 
elutes or exits the chromatographic column at the detector. Each analyte has a 
characteristic retention time on a specific column allowing this information is used to 
qualitatively identify the analytes in the sample. 

4.29 Sample — A portion of material supplied by the client for analysis. 

4.30 Surrogate Compound — Applicable to GC, GC/MS, and LC analyses only. 
Compound thatbehaves similarly, with respect to the analytical method, as the 
analytes of interest but is not normally found in environmental samples. Often, 
surrogates are isotopic homologues of target analytes. Surrogate(s) are added to 
all blanks, samples and QC samples prior to preparation and analysis. Recovery 
of surrogates is used to assess method performance. 

4.31 Tune —Analysis of a compound to verify the operating conditions of the instrument 
by comparing the ion abundance of various masses. 

5.0 INTERFERENCES 

5.1 InterFerences are minimized through the use of ion counts and internal standards. 

5.2 Contamination by carryover can occur when a low-level sample is analyzed after a 
high level sample. Solvent blanks should be analyzed in the instances to check for 
carryover effects. 

6.0 SAFETY 

6.1 Eye protection must be worn at all times while in the laboratory. 

6.2 Lab coats and gloves are recommended. Avoid direct contact with reagents, 
standards, and/or samples. 

6.3 Consult the Material Safety Data Sheets (MSDS) for each chemical used for 
information regarding fire hazard, toxicity, first aid, storage, disposal, spill 
procedures, and recommended protective equipment. 

6.4 Chemicals having the potential to produce toxic fumes must be handled in a fume 
hood. 

7.0 EQUIPMENT AND SUPPLIES 
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The following is a list of materials needed to perform the steps of this procedure as 
written. See the reference method(s) for equipment and supply specifications. 

7.1 AII volumetric glassware used shall be ASTM Class A. 

7.2 HP5890 Series II Gas Chromatograph with electronic pressure control (EPC) 

7.3 Chromatographic column: DB-5MS, Iength 30m, ID 0:25mm, film thickness 0.5 um 
(J&W Scientific part #122-5536) 

7.4 Mass Selective Detector: HP 5971A 

7.5 Autosampler/controller: HP7673 

7.6 lon Gauge Controller: HP 59822B 

7.7 Computer with MS Chemstation software, monitor, and printer 

7.8. Syringes: various sizes including 10 ul, 500 ul, and 1000 ul 

7.9 Autosampler vials: 2 mi size with screw tops as well as 2 mi size with crimp tops 

7.10 Crimper tool 

7.11 200 ul glass inserts 

8.0 REAGENTS AND STANDARDS 

8.1 AII reagents used must be analytical reagent (AR) grade or higher. AII standards 
must be traceable to NIST, when available. Certificates of traceability must be 
obtained from the manufacturer. AII reagents and standards must be documented 
in the appropriate preparation logbook. Refer to the requirements in the  Labeling  
of Standards, Reagents Digestates and Extracts  SOP. 

8.2 Reagents 

8.2.1 Methylene chloride, pesticide quality or greater 

8.2.2 Methanol, pesticide quality or greater 

8.3 Standards 

8.3.1 Stock Tune Solutiori, 1000 ug/ml DFTPP, Benzidine, Pentachlorophenol, and 
4,4'-DDT in methylene chloride: Accustandard Cat #M-625-TS-20X 
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8.3.2 Working Tune Solution, 50 ug/ml each: In a 10 ml volumetric flask, dilute to the 
mark 250 ul of the Stock Tune Solution with methylene chloride. Transfer the 
dilution into a screw top vial and store it in the Organics staridard freezer. 

8.3.3 Stock Internal Standard (I.S.), 4000 ug/ml each in methylene chloride. 
VENDOR CAT# COMPOUNDS 
Accustandard Z-014J-PAK SVOA 1,4-dichlorobenzene-d4; naphthalene-d8; 

acenaphthalene-d10; phenanthrene-d10; chrysene- 
d12; perylene-d14 

8.3.4 Stock Acid Surrogate Standard, 10000 ug/ml each in methanol. 
VENDOR CAT# COMPOUNDS 
Supelco 4-7261 2-fluorophenol; phenol-d5; 2,4,6-tribromophenol 

8.3.5 Stock Base/Neutral Surrogate Standard, 5000 ug/ml each in methanol. 
VENDOR CAT# COMPOUNDS 
Supelco 4-7262 Nitrobenzene-d5; 2-fluorobiphenyl; terphenyl-d14 

8.3.6 Stock Calibration Standards, 2000 ug/ml each in methylene chloride. 
MIX# VENDOR CAT# COMPOUNDS 
SVOA 1 Accustandard M-8270-01 

See Table in Section 18.0 

SVOA 2 Accustandard M-8270-02 
SVOA 3 Accustandard M-8270-03 
SVOA 4A Accustandard M-8270-04A 
SVOA 4B Accustandard M-8270-04B 
SVOA 5 Accustandard M-8270-05 
SVOA6 Accustandard M-8270-06 

Supelco 4-8076 Carbazole 
Supelco 4-8305-U Pyridine 

8.3.7 Intermediate Calibration Standards, 200 ug/ml each: In a 5 ml volumetric flask, 
dilute 500 ul of the Stock Calibration Standards, 100 ul of the Stock Acid 
Surrogate Standard, and 200 ul of the Stock Base/Neutral Surrogate Standard to 
volume with methylene chloride. Store in the Organics standard freezer. 
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8.3.8 Working Calibration Standards: In separate 1 ml volumetric flasks, prepare the 
following dilutions with methylene chloride. Transfer the dilutions into separate 1 
mi screw top vials and store them in the Organics standard freezer. The I.S. 
concentration is 40 ug/ml. 

Linearity 
Standard # 

Vol. Stock 
Cal. Std, ul 

Vol. Stock 
I.S., 	ul 

Final Conc. 
ug/ml 

1 100 10 20 
2* 250 10 50 
3** 400 10 80 
4 600 10 120 
5 800 10 160 

* typically used as the CCV 
** used as CCV for NC compliance samples 

8.3.9 Stock ICV Standards: 
VENDOR CAT# COMPOUNDS CONC., ug/ml 
Supelco 506508 See Table in Section 18 1000 
Accustandard S-9076 Benzoic Acid; Benzyl 1000 

(custom alcohol; 2,6- 
mix) Dichlorophenol; N- 

Nitrosophenylamine; 
Benzidine; 3,3'- 
Dichlorobenzidine; 
Acetophenone; Pyridine; 
Aniline 

8.3.10 Working ICV Standard, 50 ug/ml each: In a 1 ml volumetric flask, dilute 50 ul of 
the stock ICV standards, 10 ul of the stock Base/Neutral surrogate standard, 5 ul 
of the stock Acid surrogate standard, and 10 ul of the stock internal to the mark 
with methylene chloride. Transfer the dilution into a screw top vial and store it in 
the Organics standard freezer. The final concentration of the surrogates is 50 
ug/ml each and the concentration of the internal standards is 40 ug/ml each. 

8.3.11 LCS/MS/MSD: When prepared as detailed in the preparation SOPs, the final 
concentrations are 100 ug/I (3333 ug/kg) for all spiked analytes. 

9.0 SAMPLE COLLECTION, PRESERVATION, AND HOLDING TIMES 

9.1 The client or other trained personnel collect samples. Samples received at the 
laboratory are considered representative unless otherwise noted. 

9.2 Extracts must be stored in the range of 0.1-6°C (0.1-4 °C for North Carolina 
compliance monitoring). Extracts are stored in the Organics sample cooler located 
in the GC/SVOA lab. 

9.3 Analysis must be performed within 40 days of extraction. 
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10.0 QUALITY CONTROL  

10.1 An Initial Demonstration of Capahility study must be performed prior to the initial 
analysis for each analyst and whenever substantial change has occurred in the 
procedure or instrument. Analyze four separate standards prepared in the range 
of 8-10 times the method detection limit listed in section 14.0. These standards 
must be from a source different from that used for calibration and taken through 
the entire analytical procedure. Submit the data to the QA department for 
evaluation. Refer to the Capability and Detection Limit Studies SOP for details. 

10.2 A Method Detection Limit study must be performed for each new procedure, 
annually thereafter, and whenever a change in instrument occurs. Analyze a 
minimum of seven (maximum of ten) standards prepared in the range of 2-5 times 
the method detection limit listed in section 14.0 or an estimated detection limit. 
These standards must be taken through the entire analytical procedure. Submit 
the data to the QA department for evaluation. Refer to the  Capability and  
Detection Limit Studies  SOP for details. 

10.3 A DFTPP Tune Check must be performed at the beginning of each 12-hour 
sequence. A 1 ul (50 ng) injection of the working tune solution (which contains 
DFTPP) must meet the following ion abundance criteria. If the criteria are not met, 
reanalyze. An acceptable tune must be obtained before samples can be analyzed. 

DFTPP (DECAFLUOROTRIPHENYLPHOSPHINE) 
KEY IONS and ION ABUNDANCE CRITERIA 

METHODS 625 / 8270C 
Mass lon Abundance Criteria 

51 30 — 60% of mass 198 

68 < 2% of mass 69 
69 Present 
70 < 2% of mass 69 

127 40 — 60% of mass 198 

197 < 1% of mass 198 ' 
198 Base peak, 100% relative abundance 
199 5— 9% of mass 198 

275 10 — 30% of mass 198 

365 > 1% of mass 198 

441 Present but less than mass 443 
442 - 	> 40% of mass 198 
443 17 — 23% of mass 442 

10.4 The Tailing Factors for Benzidine and Pentachlorophenol must be evaluated at the 
beginning of each 12-hour sequence. A 1 ul injection of the working tune solution 
(which contains Benzidine and Pentachlorophenol) must yiefd a tailing factor less 
than 3.0 for Benzidine and less than 5 for Pentachlorophenol. The tailing factors 
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are calculated (according to Figure 13 in Method 625) by the instrument software 
and documented on the instrument printout. If the tailing factor criterion cannot be 
achieved, perform instrument maintenance or re-prepare the tune solution, and 
reanalyze. Instrument maintenance may include cutting off the first 6-12 inches of 
the column. Tailing factor criteria must be met before samples can be analyzed. 

10.5 Internal Standards (I.S.) must be added to all standards, QC samples and 
environmental samples. Acceptance criteria for CCV are RT  +  30 seconds from 
that in the midpoint level standard of the most recent initial calibration and area 
counts within the range of -50 to +100% of those in the same linearity standard. 
These criteria are evaluated by the data system and printed on the Continuing 
Calibration Report. Failures are automatically flagged on this report. If 
acceptance criteria are not met for the CCV, perform instrument maintenance or 
perform a new initial calibration. As there are no absolute requirements for I.S. 
recovery in samples, the acceptance criteria for the CCV should be used as 
guidance in evaluating the response for samples. If the sample internal standard 
response does not meet the CCV acceptance criteria, evaluate the chromatogram 
for obvious matrix effects/interferences. If interferences are evident, the sample 
should be diluted and reanalyzed. If the internal standard response for the sample 
is below 25% the analyst should consult with the Unit Supervisor and use 
discretion on whether to report or re-extract and analyze the sample. This 
discretion is dependent on the experience of the analyst and their Supervisor and 
factors such as a consistent response for the I.S. should be considered. If 
reanalysis yields poor internal standard response, or if reanalysis is performed 
beyond the hold time, both sets of data should be reported to the client and a Case 
Narrative written. 

10.6 Surrogate (SURR) compounds must be added to all quality control samples, 
blanks, and samples. Acceptance criteria are the statistically generated matrix- 
specific recovery limits listed below. These criteria are evaluated by the LIMS and 
printed on the LIMS QC Report and analytical report submitted to the client. One 
acid and one Base/Neutral surrogate may be outside of the acceptance criteria. 
Failures are automatically flagged with a"S" on these reports. If more than one of 
each fraction surrogate is out, re-extract and analyze. If reanalysis does not yield 
acceptable recovery, both sample sets must be supplied to the client. If reanalysis 
is performed beyond the maximum allowable hold time, both sample sets must be 
supplied to the client and the appropriate result flagged with a"H" qualifier as 
defined in the LIMS. If insufficient sample is available for re-extraction the original 
result should be reported and qualified in the Case Narrative to state this as the 
reason for no re-extraction and reanalysis being performed. If the acceptance 
criteria are not met for a method blank but are met for the QC samples and 
environmental samples, report the sample results qualified for the MB failure in the 
Case Narrative. 
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2,4, 6-Tribromophenol 10 120 10 107 

2-FI u o ro b i p h e ny I 10 109 10 124 
2-Fluorophenol 10 64.7 10 91.4 

N it ro be n ze n e-d 5 10 121 10 139 
Phenol-d5 10 100 10 97.5 

Terphenyl-di4 10 130 10 157 

10.7 An Initial Calibration Verification (ICV) standard must be immediately after the 
initial linearity (ICAL). This is the analysis of a second source standard. 
Acceptance criteria are the statistically generated recovery limits listed in section 
18.0. If the acceptance criteria are not met, reanalyze. tf'reanalysis fails to meet 
the acceptance criteria, analysis must be stopped, the problem corrected, and the 
instrument recalibrated. 

10.8 A Continuing Calibration Verification (CCV) standard is a calibration source 
standard and must be analyzed at the beginning of each analytical sequence 
following an acceptable instrument tune. The 12-hour analytical sequence begins 
with the injection of DFTPP, continues through the analysis of the CCV, samples 
and QC samples. Acceptance criteria for Method 8270 are RF for SPCCs > 0.050 
and RF for CCCs  <  20% difference from the initial calibration. Acceptance criteria 
for Method 625 are responses  <  20% difference from the initial calibration. If 
acceptable criteria are not met, reanalyze. If reanalysis fails to meet the 
acceptance criteria, recalibrate. Samples with a non-detect concentration may be 
reported if the CCV fails to meet the acceptance criteria with a positive bias. 

SPCcs 

 N-nitroso-di-n-propylamine 	2,4-dinitrophenol 
Hexachlorocyclopentadiene 	4-nitrophenol 

cccs 

8/N Fraction Acid Fraction 
Acenaphthene 4-Chloro-3-methylphenol 

1 ;4-dichlorobenzene 2,4-dichlorophenol 
Hexachlorobutadiene 2-nitrophenol 
Diphenylamine Phenol 
Di-n-octyl phthalate Pentachlorophenol 
Fiuoranthene 2,4,6-Trichlorophenol 
Benzo(a)pyrene 

10.9 A Method B/ank (MB) must be extracted and analyzed with each preparation batch 
of up to 20 samples per day (at a minimum of 1 per day) per matrix. Acceptance 
criteria are no detects above the PQL, however, the MB remains acceptable if the 
blank concentration is less than 1/10 of the sample concentration, or if there were 
no detects in the sample. If the acceptance criteria are not met, re-extract the 
blank and the affected samples if sufficient sample is available. If insufficient 
sample is available for reanalysis the original result should be reported and 
qualified in the Case Narrative. Samples associated with a contaminated blank 
must be reported with a"B" qualifier as defined in the LIMS. If sample reanalysis 
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was performed beyond the maximum allowable hold time, both sets of results must 
be supplied to the client and flagged with a"H", as appropriate, to note the hold 
time exceedance. When a MB is contaminated, corrective action steps must be 
taken to identify and eliminate the cause of the contamination. 

10.10A Laboratory Control Sample (LCS) must be extracted and analyzed with each 
preparation batch of up to 20 samples per day (at a minimum of 1 per day) per 
matrix. Acceptance criteria are the statistically generated recovery limits listed in 
section 18.0 for Method 8270C or the recovery limits in Table 6 of Method 625, as 
appropriate. However, the LCS remains acceptable if the failed recovery is 
positive bias (high) and there are no detects in the sample. If the acceptance 
criteria are not met, reanalyze or re-extract as appropriate. If this reanalysis does 
not meet the acceptance criteria, the affected samples from that batch must be re- 
extracted and analyzed. If insufficient sample is available for reanalysis the 
original result should be reported and qualified in the Case Narrative. If the hold 
time has expired and reanalysis performed, both sets of data should be reported 
and the appropriate result flagged with a"H" qualifier as defined in the LIMS. 
When prepared for samples being analyzed by Method 8270C, the spiked analytes 
consist of the compounds listed in section 5.5.1 of Method 3500B. When prepared 
for samples being analyzed by Method 625, the spike analytes consist of the 
compounds listed in section 5.5.1 of Method 3500B plus an additional 10-12 
compounds listed in Table 6 of Method 625. These additional compounds are 
changed at approximate 6 month intervals so that all of the Table 6 compounds 
can be evaluated over a two year period. 

10.11 A Matrix Spike and Matrix Spike Duplicate (MS/MSD) must be extracted and 
analyzed with each preparation batch of up to 20 samples per day (at a minimum 
of 1 per day). When insufficient sample is available for a MSD, a duplicate 
laboratory control sample (LCSD) should be extracted and analyzed. Acceptance 
criteria are the statistically generated recovery limits listed in section 18.0 for 
Method 8270C or the recovery limits in Table 6 of Method 625, as appropriate, 
however, the LCS remains acceptable if the failed recovery is positive bias (high) 
and there are no detects in the sample. If the acceptance criteria are met in the 
MSD, continue. If the accuracy criteria are not met in the MS or MSD, and the 
LCS is in control, assume matrix interference and report the results with a"S" 
qualifier as defined in the LIMS. Precision criteria are the statistically generated 
limits listed in section 18.0. If the precision criteria are not met, report the results 
with a"R" qualifier as defined in the LIMS. The list of spiked compounds is the 
same as that for the LCS. 

11.0 CALIBRATION AND STANDAF2DIZATION 

11.1 Perform the required preventative maintenance as necessary. A new Initial 
Calibration (linearity) is required as indicated by the quality control elements. The 
concentration of the low standard must be set nearor below the routine PQL for 
each compound. 

11.2 Instrument conditions are as follows: 

Page 15 of 23 
E:\Policies  and Procedures (SOPs)\Technical Operations\Organics\SOPs=SIMALABS\625-8270(7).doc 	.   



SOP ID: 625-8270(7) 
Revision: 7 

Revised Date: 10/04/2001 

Zone Temoeratures 
Inlet A: 	On 	Setpoint: 250°C 
Inlet B: 	Off 
Detector A: 	Off 
Detector B: 	On 	Setpoint: 280°C 

DFTPP.m 
Injection size: 1 ul 
Initial Temperature: 150°C 
Initial Time: 0.75 minute 
Rate: 25°C / minute 
Final Temperature: 320°C 
Final Time: 1.25 minutes 
Rate: 12°C / minute 
Final Temperature: 250°C 
Final Time: 0.0 minutes _ 
Run Time: 8.8 minutes 

8270-Aq.m 
Injection size: 	1 ul 
Initial Temperature: 40°C 
Initial Time: 5.50 minute 
Rate A: 12°C ! minute 
Final Temperature: 250°C 
Final Time: 0.0 minutes 
Rate B: 20°C / minute 
Final Temperature: 320°C 
Final Time: 8.5 minutes 
Run Time: 35.0 minutes 

11.3 Set up analysis sequence in Sample Table Log in Sequence in main menu. 

11.4 Enter the sequence as it is to be run, including the applicable analysis method. An 
ICV standard must be analyzed following the.generation of a new linearity and the 
acceptance criteria met before continuing with sample analysis. If the acceptance 
criteria are met, rename the method "SVOCmmdd", where mmdd designates the 
month and date of the new linearity. 

11.5 Following the DFTPP tune, the daily calibration standard (CCV) must be run. 

11.6 Click on Position and Run. 

11.7 After each sample has run, the report is retrieved and quantitated against the 
current initial linearity. The chromatogram is examined to determine that all 
compounds present have been detected. 

11.8 For standards, the software will calculate RF values and % difference values for all 
analytes. TFie average RF for the SPCCs must be  >  0.050, and the %RSD for the 
CCCs must be < 30%. Where these criteria are met and the RSD of all individual 
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compounds is  < 15%, the calibration is considered linear and the average RF is 
used for concentration calculations. 

11.8.1 If the RSD > 15, averaging may be used to identify a linear curve. This technique 
assesses the average %RSD of all compounds in the calibration curve. If the 
RSD of all (target and non-target) compounds is  <  15%, the calibration can be 
considered acceptable and the average RF used When used, the fact of its use 
and average RSD must be reported to the data user. 

11.9. If the linearity requirements are not met, take appropriate corrective actions and 
recalibrate. Analysis of environmental samples cannot proceed without the 
generation of an acceptable linearity. 

12.0 PROCEDURE 

12.1 Once it has been determined that the tune and calibration verification meet their 
respective criteria, the analysis of samples can begin. A typical sequence follows 
the order: Tune, CCV, samples, and QC samples. 

12.1.1 To prepare the extracts for analysis, withdraw 200 ul of the extract with a syringe 
and place it into a 1.0 ml autosampler vial containing a glass insert. Add 2.0 ul of 
the stock internal standard. The concentration of the internal standards will be 
40 ug/ml each. NOTE: AII extracts, including dilutions, must be spiked with the 
internal standards at 40 ug/ml. 

12.2 If the concentration of any target compound in a sample exceeds the initial 
calibration range, a new aliquot of that extract must be diluted and analyzed. 

13.0 CALCULATIONS AND DATA HANDLING 

13.1 After review, enter final results into the LIMS system. Results flagged by the LIMS 
with an "E" qualifier are above the linear range of the instrument. There is less 
certainty in these data and, if sufficient sample and holding time are available, 
should be reanalyzed at an appropriate dilution. Details on the procedure for 
entering analytical data are in the  Data Entry  SOP. The peak integrations must be 
performed according to the  Manual Integration of Chromatographic Peaks  SOP. 

13.2 Calculate the response factor as follows: 

RF = (Ax)(Cls) / (Als)(Cx) 

Where: A. = Area of characteristic ion for compound being measured 
Als = Area of characteristic ion.for compound being measured 
C is = Concentration of the specific internal standard 
C. = Concentration of the compound being measured 

13.3 The LIMS calculates the sample concentration as follows: 
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Conc. = ~Ax)ts (Vt  DF 
(Ais)(RF)(Vo)(Vi) 

Where:A, = Area of characteristic ion for compound being measured 
I s  = Amount of internal standard injected (ng) 
V, = Volume of total extract, taking into account dilution 
Ais  = Area of characteristic ion for the internal standard 
RF = Initial average response factor for compound being measured 
Vo  = Volume of water extracted (L), or mass of soil extracted (kg) 
V i  = Volume of extract injected (ul) 
DF = dilution factor 

13.4 The LIMS calculates the dry-weight concentration for solid samples as follows: 

Conc. Dry =  (wet weight conc.)  
(100 - % Moisture) 

13.5 The data system software evaluates the retention time and comparison to the 
characteristic ions to identify any compounds present. The characteristic ions of 
the reference spectrum are the three ions of greatest intensity (or any ions having 
a relative intensity greater than 30% if Iess than three ions are present). The 
following criteria are used for qualitative identification. 

13.5.1 The characteristic ions of a compound must have a relative retention time of  +  
0.06 units of the standard (RT + 30 sec for Method 624). 

13.5.2 The relative intensities of the characteristic ions are within 20% of those ions in 
the reference spectrum (30% for Method 8260). 

13.5.3 Structural isomers having a resolution of < 25% are considered isomeric pairs. 

14.0 METHOD PERFORMANCE 

14.1 Initial Demonstration of Capability — Data from a typical IDC study is in section 
18.0 

15.0 POLLUTION PREVENTION 

15.1 The quantity of chemicals purchased should be based on expected usage during 
their shelf life and the disposal cost of unused material. 

15.2 Prepare the minimum amount of reagent and standard necessary. 

16.0 WASTE MANAGEMENT 

16.1 Refer to the SIMALABS International Sample Disposal SOP for guidance on the 
disposal of any resulting residue, digestate, extract or standard. 
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17.0 REFERENCES 

17.1 USEPA Method 625 as found as an Appendix to 40 CFR 136. 

17.2 SW-846 Method 8270C 

17.3 SIMALABS International SOP  Preparation of Aqueous Samples Using Liquid-  
Liquid Extraction by SW-846 Method 3510C, current revision. 

17.4 SIMALABS International SOP Preparation of Aqueous Samples Usino Continuous 

17.5 SIMALABS International SOP 
Sonication bv SW-846 Methoc 

17.6 SIMALABS International Quality Assurance Plan, current revision 

18.0 TABLES, FORMS, CHECKLISTS, AND OTHER ATTACHMENTS 

Calibration Standard Compounds 
M-8270-01 Aniline 	Benzyl alcohol 	Bis(2-Chloroethyl)ether 	1,2-Dichlorobenzene 

Bis(2-Chloroisopropyl)ether 	2-Chlorophenol 	1,3-Dichlorobenzene 1,4- 
.Dichlorobenzene Hexachloroethane - 	2-Methylphenol 
4-Methylphenol 	N-Nitrosodimethyamine 	 - 

N-Nitrosodi-n-propylamine Phenol 
M-8270-02 Acetophenone 	Benzoic acid 	bis(2-Chloroethoxy)methane 	4-Chloroaniline 

4-Ch loro-3-methyl phenol 	2,4-D ich lo rophen ol 	2,6-Dich loro pheno I 
, - 2,4-Dimethylphenol 	Hexachlorobutadiene 	Isophorone 	Naphthalene 

Nifrobenzene 	2-Nitrophenol 	1,2,4-Trichlorobenzene 	2-Methylnaphthatene 
M-8270-03 Acenaphthene 	Acenaphthylene 	2-Chloronaphthalene  

4-Chlorophenyl phenyl ether 	Dibenzofuran 	Diethyl phthalate 
2,4-Dinitrophenol 2,4-Dinitrotoluene 2,6-Dinitrotoluene Fluorene 
Hexachlorocyclopentadiene 	2-Nitroaniline 	3-Nitroaniline 	4-Nitroaniline 
4-Nitrophenol 	2,4,5-T6chlorophenol 	2,4,6-Trichlorophenol 	Dimethylphthalate 

M-8270-04A Anthracene 	4-Bromophenyl phenyl ether 	Di-n-butyl phthalate 
4,6-Dinitro-2-methylphenol Fluoranthene 	Hexachlorobenzene  
Pentachlorophenol 	Phenanthrene 

 M-8270-04B 1,2-Diphenylhydrazine 	 N-Nitrosodiphenylamine 
M-8270-05 Benzidine 	Benzo(a)anthracene 	bis(2-Ethylhexyl) phthalate 

Butyl benzyl phthalate 	 Chrysene 	3,3'-Dichforobenzidine 
Pyrene 

M-8270-06 Benzo(b)fluoranthene 	Benio(k)fluoranthene 	Benzo(g,h,i)perylene 
Benzo(a)pyrene 	Dibenz(a,h)anthracene 	Di-n-octyl phthalate 
Indeno(1,2,3-cd)pyrene 

4-8076 Carbazole 
4-8305-U Pyridine 	 - 
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SOP ID: 625-8270(7) 
Revision: 7 

Revised Date: 10/04/2001 

Std # ICV Standard Compounds 	-  	- - - 
506508 Acenapthene 2-Chloronaphthalene 2,4-Dinitrophenol Naphthalene 

Acenaphthylene 4-Chloro-3-methyl phenol Dimethyl phthalate 2-Nitroaniline  
Anthracene 2-Chlorophenol 2,4-Dinitrotoluene 3-Nitroaniline 
Benzo(a)anthracene 4-Chlorophenyl phenyl ether 2,6-Dinitrotoluene 4-Nitroaniline 
Benzo(a)pyrene Chrysene Di-n-octyl phthaiate Nitrobenzene 
Benzo(b)fluoranthene Dibenzo(a,h)anthracene Fluoranthene 2-Nitrophenol 
Benzo(g,h,l)perylene Dibenzofuran Fluorene 4-Nitrophenol  
Benzo(k)fluoranthene Di-n-butyl phthalate Hexachlorobenzene N-Nitrosodimethylamine 
Butyl benzyl phthalate 1,2-Dichlorobenzene Hexachlorobutadiene N-Nitrosodi-n-propylamine 
Bis(2-Chloroethoxy)methane 1,3-Dichlorobenzene Hexachlorocyclopentadiene Pentachlorophenol 
Bis(2-Chloroethyl)ether 1,4-Dichlorobenzene Hexachloroethane Phenanthrene 
Bis(2-Chloroisopropyl)ether 2,4-Dichlorophenol Indeno(1,2,3-cd)pyrene Phenol 
Bis(2-Ethylhexyl)phthalate 1,2-Diphenylhydrazine Isophorone Pyrene 
4-Bromophenyl phenyl ether Diethyl phthalate 2-Methylnaphthalene 	' 1,2,4-Trichiorobenzene 
Carbazole 2,4-Dimethylphenol 2-Methylphenol 2,4,5-Trichiorophenol 
4-Chloroaniline 4,6-Dinitro-2-methylphenol 4-Methyiphenol 2,4,6-Trichlorophenol 

S-9076 Benzoic Acid N-Nitrosophenylamine 3,3'-Dichlorobenzidine Pyridine 
Benzyl alcohol Benzide Acetophenone Aniline 	 . 
2, 6-Dich loro p hen ol ' 
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SOP ID: 625-8270(7) 
Revision: 7 

Revised Date: 10/04/2001 

~ ICV licceptance Cdteria'(%R) 	t 

1 High s'A 
1,2,4-Trichlorobenzene 	135.1 59.5 

1,2-Dichlorobenzene 43.6 55 

1,2-Diphenylhydrazine 36.4 66.6 

1,3-Dichlorobenzene 43.5 54.6 

1,4-Dichlorobenzene 43.6 54 

2,4,5-Trichiorophenol 39.9 57.3 

2,4,6-Trichlorophenol 40.8 533 

2,4-Dichlorophenol 33.6 60.4 

 2,4-Dimethylphenol 35.5 65.8 

2,4-Dinitrophenol 14.5 67.9 

2,4-Dinitrotoluene 40 54.5 

2,6-Dichlorophenol 33.3 59.7 

2,6-Dinitrotoluene 40.3 54.8 

2-Chloronaphthalene 	- 37.4 55.9 

2-Chlorophenol 43.3 56.3 

2-Methylnaphthalene 40.9 56.3 

2-Methylphenol 	 135 63.4 

2-Nitroaniline -27.1 76.5 

2-Nitrophenol 37.7 56.8 

3,3'-Dichlorobenzidine 25.4 62.6 

3-Nitroaniline 36.2 58.1 

3/4-Methylphenol 38.3 62.7 

4,6-Dinitro-2-methylphenol 25.3 64.8 

4-Bromophenyl phenyl ether 40.2 58.7 

4-Chloro-3-methylphenol 38.3 63 

4-Chloroaniline 37.8 57.6 

4-Chlorophenyl phenyl ether 31..5 67 

4-Nitroaniline 31.5 60.2 

4-Nitrophenol 10 107.2 

Acenaphthene 41.7 54.1 

Acenaphthylene 	 - 43.4 523 

Acetophenone 39.7 60.1 

Aniline 38.6 61.8 

Anthracene 39.8 54.5 

Benzidine 10 90.7 

Benzo[a}anthracene 41.4 54.7 

Benzo[a]pyrene 41.6 55 

Benzo[b]fluoranthene 35.3 59.5 

Benzo[g,h,i)perylene 27.3 64.5 

Benzo[k]fluoranthene 38.6 66.5 

Benzoic acid 139.9 55.1 

Benzyl alcohol 39.9 61.1 

Bis(2-chloroethoxy)methane 40.7 56.4 

Bis[2-chloroethyllether 	. 41.9 58.5 

Bis(2-chlotoisopropyl)ether 36.6 61.8 

Bis12-ethylhexyllphthalate 23.9 74.2 

Butyl benzyl phthalate 30.1 67.3 

Carbazole 34.9 59.8 

- 	Chrysene 40.6 57.2 

Di-n-butyl phthalate 41 57.1 

Di-n-octyl phthalate 25.2 74.7 

Dibenz[a,hlanthracene 30.6 61.8 

Dibenzofuran 41 53 

Diethyl phthalate  

Dimethyl phthalate 42.4 54.8 

Fluoranthene 37.9 573 

Fluorene 40.5 53.6 
Hexachlorobenzene 34.4 61.9 
Hexachlorobutadiene 28.6 76.2 
Hexachlorocyciopentadiene 20.3 54 

Hexachloroethane 36.6 68.2 
Indeno[1,2,3cd)pyrene 30.7 61.3 

Isophorone 40.1 59.5 

N-Nitrosodi-n-propylamine 31.4 73.7 

N-Nitrosodimethylamine 34.2 60.4 

N-Nitrosodiphenylamine 39.1 55.8 

Naphthalene 43 55.1 

Nitrobenzene 36.4 65 

Pentachlorophenol 26.4 59.6 

Phenanthrene 	-- 39.9 54.5 

Phenol 	- 39.1. 60.2 

Pyrene 31.1 69 

Pyridine 32.6 673 

Page 21 of 23 
\iFILESERVERISIMALABS\Policies and Procedures (SOPs)\Technica[ Operatlons\Organics\SOPs-SIMALABS\625-  

8270(7).doc 



soP ID: 625-8270(7) 
Revision: 7 

Revised Date: 10104/2001 

L¢$/MStM36 /i'cceptartc~ Eqiteria -Waters 	n ,a 

'-s t '~4 ~ 	. .,}y, e,o:27 ~~ ._r-~.: ,::`:- 	Method:~ 625 
is 	

A
Wgh ;.~ APD, 	; Low High 

1,2,4-Trichlorobenzene 80.9 6.56 93.1 ~ 44.8 44 ~ 142  44.8 

14-Dichlorobenzene 

r 

82 12.1 93.1 39.7 20 124 39.7 

2,4,6-Trichlorophenol 37 144 30 

2,4-Dichlorophenol 39 135 30 

2,4-Dinitrotoluene 95.4 18.7 96.2 36.5 39 139 36.5 

2-Chlorophenol 81.3 5 106 44.3 23 134 44.3 

2-Nitrophenol 	 - 29 182 30 

4-Chloro-3-methylphenol 27.2 j 97.7 9.03 111 43.6 22 	. 147 43.6 

4-Nitrophenol 5 56.2 5 95.2 16.6 5 132 16.6 

Acenaphthene 28.6 8B.6 14.5 96.6 41.3 	, 33 145 41.3 

Acenaphthylene -- 47 145 30 

Anthracene 27 133 30 

Bis12-chloroethoxylmethane 33 184 30 

Chrysene 17 168 30 

Di-n-butyl phthalate 5 118 30 

Hexachlorobenzene 5 152 30 

N-Nitrosodi-n-propylamine 15.9 119 6.65 116 42.7 5 230 42.7 

Naphthalene 21 133 30 

Pentachiorophenol 5 114 5 135 29.2 14 176 29.2 

Phenol 5 46.7 5 70.4 55 5 112 55 

Pyrene 25.3 103 14.3 107 37.7 52 115 37.7 

CStMS/MSDAiceptenca:Cr'rterta  

x~~ 
 

~~ .H(9h toFV ? ~.Hrgh ::" aRPD z. 
1,2,4-Trichlorobenzene 26.4 74.6 5 86.2 34.6 

1,4-Dichlorobenzene 27.8 73.3 5 93.1 31.1 

2,4-Dinitrotoluene 28.6 80.0 12.5 83.4 29.7 

2-Chlorophenol 29.4 75.7 19.6 76.5 32.0 

4-Chloro-3-methylphenol 31.7 83.0 21.1 90.3 22.4 

4-Nitrophenol 5 121 5 129 17.4 

Acenaphthene 31.0 78.8 17.1 89.1 24.5 

N-Nitrosodi-n-propylamine 30.7 90.0 9.25 109 34.0 

Pentachlorophenol 5 106 5 91.3 12.2 

Phenol 28.1 77.0 10.8 87.8 31.4 

Pyrene 26.2 87.8 5 116 21.4 
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,'. 	,~i 	Inrtral DemonstraTiowof 
~Spikail at S00 tig/t 

Capabrhty 
eacti':~' 

Std Dev 
-µ Lrmus,,:6~ 

1,2,4-Trichlorobenzene 7.18 28.1 59.2 44-142 

1,2-Dichlorobenzene 3.80 30.9 58 OF 32-129 

1,3-Dichlorobenzene 3.57 41.7 50.9 0-172 

1,4-Dichlorobenzene 4.48 32.1 54.5 20-124 

2,4,5-Trlchlorophenol 2.60 72.1 70-130 

2,4,6-Trichlorophenol 2.99 71.7 70-130 

2,4-Dichlorophenol 5.47 26.4 72.1 39-135 

2,4-Dimethylphenol 5.58 26.1 67,7 32-119 

2,4-Dinitrophenol 5.43 49.8 42.0 0-191 

2,4-Dinitrotoluene 6.09 21.8 82.4 39-139 

2,6-Dichlorophenol 5.47 72.1 70-130 

2,6-Dinitrotoluene 2.86 29.6 73.3 50-158 

2-Chloronaphthalene 1.84 13 56.7 60-118 

2-Methylnaphthalene 2.64 63.4 70-130 

2-Methylphenal 1.79 61.5 70-130 

2-Nitroaniline 3.42 75.6 70-130 

2-Nitrophenol 5.66 35.2 69.8 29-182 

3-Nitroaniline 4.32 72.3 70-130 

3/4-Methylphenol 2.39 62.0 70-130 

4,6-Dinitro-2-methylphenol 2.71 93.2 57.8 0-181 

4-Bromophenyl phenyl 3.11 23 74.9 53-127 

4-Chloro-3-methylphenol 4.20 37.2 75.6 22-147 

4-Chloroaniline 2.08 88.4 70-130 

4-Chlorophenyl phenyl 6.66 33.4 78.7 25-158 

4-Nitroaniline 7.91 65.9 70-130 

4-Nitrophenol 2.42 47.2 23.8 0-132 

Acenaphthene 3.95 27.6 71.0 47-145 

Acenaphthylene 3.48 40.2 70.9 33-145 

Aniline 2.50 89.9 70-130 

Anthracene 4.75 32 72.7 27-133 

Benzo[a]anthracene 4.14 27.6 69.0 33-143 

Benzo[a]pyrene 4.16 39 75.6 17-163 

Benzo[b]fluoranthene 5.44 38.8 74.8 24-159 

Benzo[g,h,i]perylene 5.98 58.9 72.5 0-219 

Benzo[k]fluoranthene 6.54 32.3 76.1 11-162 

Benzoic acid 6.15 . 66.2 70-130 

Benzyl alcohol 1.79 61.5 70-130 

Bis12-chloroetboxylmethane 4.27 34.5 74.0 33-184 

Bis(2-chloroethyl)ether 0.845 55 70.3 12-158 

Bis(2-chloroisopropypether 2.58 46.3 72.5 36-166 

Bis(2-ethylhexyl)phthalate 3.36 41.1 63.8 8-158 

Butyl benzyl phthalate 3.43 23.4 63.3 0-152 

Carbazole 6.06 75.3 70-130 

Chrysene 3.57 48.3 66.2 17-168 

Di-n-butyl phthalate 4.43 16.7 76.7 1-118 

Di-n-octyl phthalate 6.10 31.4 73.8 4-146 

Dibenz[a,hlanthracene 7.48 70 78.0 0-227 

Dibenzofuran 3.91 74.1 70-130 

Dimethyl phthalate 3.10 23.2 74.0 0-112 

Fluoranthene 5.11 32.8 72.4 26-137 

Fluorene 5.39 20.7 75.3 59-121 

Hexachlorobenzene 3.67 24.9 76.1 0-152 

Hexachlorobutadiene 1 	3,761 26.3 54.7 24-116 

. 	SOP ID: 625-8270(7) 
Revision: 7 

Revised Date:10/04/2001 

Hexachlorocyclopentadiene 6.38 70.4 70-130 

Hexachloroethane 4.57 24.5 49.6 40-113 

Indeno[1,2,3cd]pyrene 8.54  44.6 67.4 0-171 

Isophorone 6.62 63.3 92.9 21-196 

N-Nitrosodi-n-propylamine 1.79 55.4 81.7 0-230 
N-Nitrosodimethylamine 3.70 49.1 70-130 
Naphthalene 4.55 30.1 64.4 21-133 
Nitrobenzene 3.52 39.3 72.3 35-180 

Pentachlorophenot 3.82 79.8 70-130 

Phenanthrene 3.93 20.6 . 72.7 54-120 

Phenol 1.54 34.6 70-130 

Pyrene 3.59 25.2 64.2 52-115 

Pyridine 5.96 63.1 70-130 
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STATE OF ILLINOIS 
ENVIRONMENTAL PROTECTION AGENCY 

ENVIRONMENTAL LABORATORY ACCREDITATION 

is hereby granted to 

SIMALABS INTERNATIONAL - MERRILLVILLE 

250 WEST 84TH DRIVE 
MERRILLVILLE, IN 46410 

ACCREDITATION NUMBER #100435 

~O  ~H ACCO qO,4  

¢ 	 ~ 
U U 	w '  

Q 	. 

According to the Illinois Administrative Code, Title 35, Subtitle A, Chapter II, Part 186, ACCREDITATION OF 
LABORATORIES fOR DRINKING WATER, WASTEWATER AND HAZARDOUS WASTES ANALYSIS, the State of 

Illinois formally recognizes that this laboratory is technically competent to perform the environmental analyses listed on the 
scope of accreditation detailed below. 

The laboratory agrees to perform all analyses listed on this scope of accreditation according to the Part 186 requirements 
and acknowledges that continued accreditation is dependent on successful ongoing compliance with the applicable 

requirements of Part 186. Please contact the Illinois EPA Environmental Laboratory Accreditation Program (IL ELAP) to 
verify the laboratory's scope of accreditation and accreditation status. Accreditation by the State of Illinois is not an 

endorsement or a guarantee of validity of the data generated by the laboratory. 

~ 
Janet Cruse 

Certificate No.: 	000620 	 Accreditation Officer 

Expiration Date: 	01/30/2003 
	 Environmental Laboratory Accreditation Program 

Issued On: 	06/28/2002 
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State of Illinois 	 Certificate No.: 	000620 

Environmental Protection Agency 
Awards the Certificate of Approval 

SIMALABS International - Merrillville 
250 West 84th Drive 
Merrillville, IN 46410 

According to the Illinois Administrative Code, Title 35, Subtitle A, Chapter II, Part 186, ACCREDITATION OF LABORATORIES FOR DRINKING 
WATER, WASTEWATER AND HAZARDOUS WASTES ANALYSIS, the State of Illinois formally recognizes that this laboratory is technically 
competent to perform the environmental analyses listed on the scope of accreditation detailed below. 

The laboratory agrees to pertorm all analyses listed on this scope of accreditation according to the Part 186 requirements and acknowledges 
that continued accreditation is dependent on successful ongoing compliance with the applicable requirements of Part 186. Please contact the 
Illinois EPA Environmental Laboratory Accreditation Program (IL ELAP) to verify the laboratory's scope of accreditation and accreditation 
status. Accreditation by the State of Illinois is not an endorsement or a guarantee of validity of the data generated by the laboratory. 

Hazardous and Solid Waste, Inurganic 

1010 

Ignitability 

1311 

TCLP (Organic and Inorganic) 

1312 

Synthetic Precipitation Leaching Procedure 

6010B 

Aluminum Antimony Arsenic 

Barium Beryllium Cadmium 

Calcium Chromium Cobalt 

Copper Iron Lead 

Magnesium Manganese Molybdenum 

Nickel Potassium Selenium 

Silver Sodium Strontium 

Thallium Vanadium Zinc 

7060A 

Arsenic 

7131A 

Cadmium 

7421 

Lead 

7470A 

Mercury 

7471A 

Mercury 

7741A 

Selenium 

7841 

Thallium 

9012A 

Cyanide 

9030B 

Sulfides 

9034 

Sulides 
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$tate of lllinois 
	 Certificate No.: 	000620 

Environmental Protection Agency 
Awards the Certificate of Approval 

SIMALABS International - Merrillville 
250 West 84th Drlve 
Merrillville, IN 46410 

Hazardous and Solid Waste, Inorganic 
	 9041A 

Hydrogen lon (pH) 

9045C 

Hydrogen lon (pH) 

9066 

Phenolics  

Hazardous and Solid Waste, Organic 

808fA 

1,2-Dibromo-3-chloropropane (DBCP) 

4,4'-DDT 

beta-BHC 

Dieldrin 

Endosulfan sulfate 

Endrin ketone 

Heptachlor epoxide 

4,4'-DDD 4,4'-DDE 

alpha-BHC alpha-Chlordane 

Chlordane - not othenvise specified delta-BHC 

Endosulfan I Endosulfan II 

Endrin Enddn aldehyde 

gamma-BHC (Lindane) Heptachlor 

Methoxychlor Toxaphene 

8082 

PCB-1016 

PCB-1242 

PCB-1260 

82608 

1,1,1,2-Tetrachloroethane 

1,1,2-Trichloroethane  

1,1-Dichloropropene 

1,2,4-Trimethylbenzene 

1,2-Dichlorobenzene 

1,3,5-Trimethylbenzene 

1,4-Dichlorobenzene 

2-Hexanone 	 . 

4-Methyl-2-pentanone (Methyl isobutyl ketone, I 

Acrolein (Propenal) 

Bromobenzene 

Bromomethane 

Chlorobenzene 

Chloroform 

cis-1,3-Dichloropropene 

Ethylbenzene 

m-Xylene 

n-Butylbenzene 

sec-Butylbenzene 

Tetrachloroethene  

trans-1,3-Dichloropropene 

Vinyt acetate 

8270C 

1,2,4-Trichlorobenzene 

1,3-Dichlorobenzene 

PCB-1221 

PCB-1248 

1,1,1-Trichloroethane 

1,1-Dichloroethane 

1,2, 3-Trichlorobenzene 

12-Dibromo-3-chloropropane (DBCP) 

1,2-Dichloroethane 

1,3-Dichlorobenzene 

2-Butanone (Methyl ethyl ketone., MEK) 

2-Nitropropane  

Acetone 

Acrylonitrile 

Bromod ichloromethane 

Carbon disulfide 	 . 	. 	. 

Chlorodibromomethane (Dibromochlorometharv 

Chloromethane 

Dichloromethane (Methylene chloride) 

Isopropylbenzene  

Naphthalene 

o-Xylene 

Styrene 

Toluene 

Trichloroethene 

Vinyl chloride 

1,2-Dichlorobenzene 

1,4-Dichlorobenzene 

PCB-1232 

PCB-1254 

1,1,2,2-Tetrach loroetha ne 

1,1-Dichloroethene 

1,2,4-Trichlorobenzene 

1,2-Dibromoethane (EDB) 

1,2-Dichloropropane 

1,3-Dichloropropane 

2-Chloroethyl vinyl ether 

2-Pentanone 

Acetonitrile 

Benzene 

Bromoform 

Carbon tetrachloride 

Chloroethane 

cis-1,2-Dichloroethene 

Ethyl acetate  

Methyl-t-butyl ether 

n-Butanol 

p-Xylene 

tert-Butylbenzene 

trans-1,2-Dichloroethene 

Trichlorofluoromethane 

1,2-Diphenylhydrazine 

2,4,5-Trichlorophenol 
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State of Illinois 	 Certificate No.: 	000620 

Environmental Protection Agency 
Awards the Certificate of Approval 

SIMALABS International - Merrillville 
250 West 84th Drive 
Merrillville, IN 46410 

Hazardous and Solid Waste, Organic 8270C 2,4,6-Trichlorophenol 

2,4-Dichlorophenol 2,4-Dimethylphenol 2,4-Dinitrophenol 

2,4-Din@rotoluene (2,4-DNT) 2,6-Dichlorophenol 2,6-Dinitrotoluene (2,6-DNT) 

2-Chloronaphthalene 2-Chlorophenal 2-Methylnaphthalene 

2-Methylphenol . 	2-Nitroaniline 2-Nitrophenol 

3,3'-Dichlorobenzidine 3-Nitroaniline  4,6-Dinitro-2-methylphenol 

4-Bromophenyl phenyl ether 4-Chloro-3-methylphenol 4-Chloroaniline 

4-Chlorophenyl phenyl ether 4-Nitroaniline 4-Nitrophenol 

Acenaphthene Acenaphthylene Acetophenone 

Aniline Anthracene  Benzidine 

Benzo(a)anthracene  Benzo(a)pyrene Benzo(b)fluoranthene 

Benzo(g,h,i)perlyene Benzo(k)fluoranthene 	 . Benzoic acid  

Benzyl alcohol Bis(2-chloroethoxy) methane Bis(2-chloroethyl) ether 

Bis(2-chloroisopropyl) ether Bis(2-ethylhexyl) phthalate Butyl benzyl phthalate 

Chrysene Dibenzo(a,h)anthracene Dibenzofuran 

Diethyl phthalate Dimethyl phthalate Di-n-butyl phthalate 

Di-n-octyl phthalate Fluoranthene Fluorene 

Hexachlorobenzene Hexachlorobutadiene Hexachlorocyclopentadiene 

Hexachloroethane Indeno(1,2,3-cd) pyrene Isophorone 

m-Cresol (3-Methylphenol) Naphthalene Nitrobenzene  

N-Nitrosodimethylamine N-Nitrosodi-n-propylamine . 	 N-Nitrosodiphenylamine 

p-Cresol (4-Methylphenol) Pentachlorophenol Phenanthrene 

Phenol Pyrene Pyridine 

8310 

Acenaphthene . 	Acenaphthylene Anthracene 

Benzo(a)anthracene Benzo(a)pyrene 	 . Benzo(b)fluoranthene 

Benzo(g,h,i)perylene Benzo(k)fluoranthene Chrysene 

Dibenzo(a,h)anthracene Fluoranthene 	 - Fluorene 

Indeno(1,2,3-cd) pyrene Naphthalene Phenanthrene 

Pyrene 

Wastewater, Inorganic 

SM25108,18Ed 

Specific Conductance . 

SM3500Cr-D,18Ed 

Chramium VI 

SM4500CL-B,18Ed 

Chloride 

SM4500CN-CE18Ed 

Cyanide 

SM4500CN-CG18Ed 

Cyanide-amenable to chlorination 	 - 

SM45000-C,18Ed 	 . 

Oxygen - Dissolved -   

SM52108,18Ed 

Biochemical Ozygen Demand (BOD) 	 Carboneous Biochemical Oxygen Demand (CB 
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$tafe of IllinolS 
Environmental Protection Agency 
Awards the Certificate of Approval 

SIMALABS International - Merrillville 
250 West 84th Drive 
Merrillville, IN 46410 

Certificate No.: 	000620 

Wastewater, Inorganic USEPA110.2 

Color 

USEPA130.2 . 

Hardness 	 . 

USEPA150.1 

Hydrogen lon (pH)  . 

USEPA160.1 

Residue (TDS) 

USEPA160.2 

Residue (TSS) 

USEPA160.3 _ 

Residue (Total)  

USEPA160.4 

Residue (Volatile) 

USEPA1664RA  

Oil and Grease 

USEPA170.1 

Temperature 	 . 

USEPA200.7 

Aluminum Antimony Arsenic 

Barium Beryllium Boron 

Cadmium Calcium Chromium  

Cobalt Copper Iron 

Lead Magnesium Manganese 

Molybdenum Nickel Potassium 

Selenium Silica Silver 

Sodium Thallium Tin 

Vanadium Zinc  

USEPA206.2 

Arsenic 

USEPA213.2 

Cadmium 

USEPA239.2 

Lead 

USEPA245.1 

Mercury 

USEPA270.2 

Selenium 

USEPA279.2 

Thallium 

USEPA310.1  

Alkalinity  

USEPA330.5 
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State of Illinois 
EnViConmental ProteCtion Agency 
Awards the Certificate of Approval 

SIMALABS International - Merrillville 
250 West 84th Drive 
Merrillville, IN 46410 

Wastewater, Inorganic USEPA330.5 

USEPA335.2 

Cyanide 

USEPA340.2 

Fluoride 

USEPA350.1  

Ammonia 

USEPA350.2 	 . 

Ammonia 

USEPA351.3  

Total Kjeldahl Nitrogen 

USEPA353.2 

Nitrate-Nitrite (sum)  

USEPA354.1 

Nitrite 

USEPA365.1   

Orthophosphate (as P) 

USEPA365.3 

Phosphorus 

USEPA375.4 

Sulfate 

USEPA405.1  

Biochemical Oxygen Demand (BOD) 

USEPA410.4 

Chemical Oxygen Demand (COD) 

USEPA420.2 

Phenolics 

Wastewater, Organic 

USEPA608 

4,4'-DDD 4,4'-DDE 

Aldrin alpha-BHC 

Chlordane delta-BHC 

Endasulfan I Endosulfan II 

Endrin Endrin aldehyde 

Heptachlor Heptachlor epoxide 

 PCB-1221 PCB-1232 

PCB-1248 PCB-1254 

Toxaphene 

USEPA610 

Acenaphthene Acenaphthylene 

Benzo(a)anthracene Benzo(a)pyrene 

Benzo(g,h,i)perylene Benzo(k)Fluoranthene 

Dibenzo(a,h)anthracene Fluoranthene 

Certificate No.: 	000620 

Chlorine 

4,4'-DDT 

beta-BHC 

Dieldrin 

Endosulfan sulfate 

gamma-BHC (Lindane) 

PCB-1016 

PCB-1242 

PCB-1260 

Anthracene 

Benzo(b)fluoranthene 

Chrysene 

Fluorene 
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State of I/linois 	 Certiflcate No.: 	000620 

Environmental Protection Agency 
Awards the Certificate of Approval 

SIMALABS International - Merrillville 
250 West 84th Drive 
Merrillville, IN 46410 

Wastewater, Organic USEPA610 Indeno(1,2,3-cd) pyrene 

Naphthalene Phenanthrene Pyrene 	. 

USEPA624 

1,1,1-Trichloroethane 1,1,2,2-Tetrachloroethane 1,1,2-Trichloroethane 

1,1-Dichloroethane 1,1-Dichloroethene 1,2-Dichlorobenzene 

1,2-Dichloroethane 1,2-Dichloropropane 1,3-Dichlorobenzene 

1,4-Dichlorobenzene 2-Chloroethylvinyl ether Acrylonitrile 

Benzene Bromodichloromethane Bromoform 

Bromomethane Carbon tetrachloride Chlorobenzene 

Chloroethane 	 - Chlorofonn Chloromethane  

cis-1,3-Dichloropropene Dibromochloromethane Dichloromethane (Methylene chloride) 

Ethylbenzene Tetrachloroethene Toluene  

trans-1,2-Dichloroethene trans-1,3Dichloropropene Trichloroethene 

Trichlorofluoromethane Vinyl chloride  . 

USEPA625 

1,2,4-Tricblorobenzene 1,2-Dichlorobenzene 1,3-Dichlorobenzene 

1,4-Dichlorobenzene 2,4,6-Trichlorophenol 2,4-Dichlorophenol 

2,4-Dimethylphenol 2,4-Dinitrotoluene (2,4-DNT) 2,6-Dinitrotoluene (2,6-DNT) 

2-Chloronaphthalene 2-Chlorophenol 2-Nitrophenol 

3,3'-Dichlorobenzidine 4-Bromophenyl phenyl ether 4-Chloro-3-methylphenol 

4-Chlomphenyl phenyl ether 4-Nitrophenol Acenaphthene 

Acenaphthylene Anthracene Benzidine 

Benzo(a)anthracene Benzo(a)pyrene Benzo(b)fluoranthene 

Benzo(g,h,i)perylene Benzo(k)fluoranthene Benzyl butyl phthalate 

Bis(2-chloroethoxy) methane Bis(2-chloroethyl) ether Bis(2-ethylhexyl) phthalate 

Chrysene 	 . Dibenzo(a,h)anthracene Diethyl phthalate  

Dimethyl phthalate 	 . Di-n-butyl phthalate 	. Di-n-octyl phthalate 

Fluoranthene Fluorene Hexachlorobenzene 

Hexachlorobutadiene Hexachlorocyclopentadiene Hexachloroethane 

Indeno(1,2,3-cd) pyrene Isophorone Naphthalene 

Nitrobenzene N-Nitrosodimethylamine N-Nitrosodi-n-propylamine 

N-Nitrosodiphenylamine Pentachlorophenol Phenanthrene 

Phenol Pyrene 
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SIMALABS International 
Data Review Checklist — Metals 

Run ID: 
	 Analyst: 

1 st  Level Technical Review 
Review Element Evaluation Comments (use this s ace as needed) 

Calibration curve acceptance ❑ Yes 	❑ No 	❑ NA 
criteria met? 

ICV acceptance criteria met? ❑ Yes 	0 No 	D NA 

ICB acceptance criteria met? ❑ Yes 	❑ No 	❑ NA 

ICS acceptance criteria met? ❑ Yes 	❑ No 	i7 NA 

CCV acceptance criteria met? D Yes 	❑ No 	❑ NA 

CCB acceptance criteria met? ❑ Yes 	D No 	❑ NA 

MB acceptance criteria met? ❑ Yes 	❑ No 	❑ NA 

LCS acceptance criteria met? ❑ Yes 	❑ No 	D NA 

MS/MSD acceptance criteria met? ❑ Yes 	❑ No 	❑ NA 

PDS acceptance criteria met? ❑ Yes 	❑ No 	❑ NA 

Analyses checked for carryover ❑ Yes 	❑ No 	❑ NA 
contamination? 

Evaluations are applicable to target analytes only. Any "No" answer requires a Comment and the initiation of a Corrective 
Action Report (CAR) if the data is to be used. 

Data evaluated as "No" can be reported without a Case Narrative if any of the following apply (but a CAR is still required). 

• 	The control is biased high bias yet the analyte is "non-detectable" in the sample. 
• 	Blank contamination yet the analyte measured in the sample is "non-detectable" or  >  10X the blank contamination. 
• 	Unacceptable MS/MSD recovery but the sample concentration is? 5X the concentration of the spike added. 

Data evaluated as "No"  mav  be reported if any of the following apply, however a CAR and Case Narrative are required. Case 
Narratives are generated by the QA department  orior  to data validation in the LIMS. 

• 	Unacceptable MS/MSD recoveries handled in accordance with the MS/MSD Corrective Action Flowchart included in the 
QAP. 

• 	Insufficient sample, holding time, or turnaround time available for reanalysis. 
• 	Data meets the needs of the client (as per Project Manager). 

I certify that the above assessment has been performed and the analyses were performed according to the operating 
conditions and procedures contained in the current version of the Standard Operating Procedure. 

Initials: 	 Date: 

2 ntl  Level Technical Review 
Above assessment accurate 	 D Yes ❑ No 
Data accurate in LIMS 
	

D Yes ❑ No 
If "No', list unacceptable evaluation(s): 

LIMS QA Validation performed 	 ❑ Entire Run 	❑ Partial Run 	❑ No samples validated 
Initials: 	 Date: 



SIMALABS International 
Data Review Checklist — Wet Chemistry 

Run ID: 	 Analyte: 
	 Analyst: 

1'` Level Technical Review 
Review Element Evaluation * Comments use this space as needed 

Calibration curve acceptance ❑ Yes 	❑ No 	D NA 
criteria met? 

ICV acceptance criteria met? ❑ Yes 	❑ No 	❑ NA 

ICB acceptance criteria met? ❑ Yes 	i7 No 	❑ NA 

CCV acceptance criteria met? ❑ Yes 	❑ No 	❑ NA 

CCB acceptance criteria met? i7 Yes 	❑ No 	❑ NA 

MB acceptance criteria met? ❑ Yes 	❑ No 	❑ NA 

LCS acceptance criteria met? ❑ Yes 	❑ No 	❑ NA 

MS/MSD accuracy criteria met? ❑ Yes 	❑ No 	❑ NA 

MSD / DUP precision criteria ❑ Yes 	❑ No 	❑ NA 
met? 

PDS acceptance criteria met? ❑ Yes 	❑ No 	U NA 

Analyses checked for carryover D Yes 	D No 	0 NA 
contamination? 

Evaluations are applicable to target analytes only. Any "No" answer requires a Comment and the initiation of a Corrective 
Action Report (CAR) if the data is to be used. 

Data evaluated as "No" can be reported without a Case Narrative if any of the following apply (but a CAR is still required). 

. 	The control is biased high bias yet the analyte is "non-detectable" in the sample. 
• 	Blank contamination yet the analyte measured in the sample is "non-detectable" or  >  10X the blank contamination. 
• 	Unacceptable MS/MSD recovery but the sample concentration is > 5X the concentration of the spike added. 

Data evaluated as "No" mav be reported if any of the following apply, however a CAR and Case Narrative are required. Case 
Narratives are generated by the QA departmentrp ior to data validation in the LIMS. 

• 	Unacceptable MS/MSD recoveries handled in accordance with the MS/MSD Corrective Action Flowchart included in the 
QAP. 

• 	Insufficient sample, holding time, or turnaround time available for reanalysis. 
• 	Data meets the needs of the client (as per Project Manager). 

I certify that the above assessment has been performed and the ana/yses were performed according to the operating 
conditions and procedures contained in the current version of the Standard Operating Procedure. 

Initials: 	 Date: 

2nd  Level Technical Review 
Above assessment accurate 	 ❑ Yes ❑ No 
Data accurate in LIMS 	 D Yes D No 
If "No', list unacceptable evaluation(s): 

LIMS QA Validation performed 	 ❑ Entire Run 	❑ Partial Run 	❑ No samples validated 
Initials: 	 Date: 



SIMALABS International 
Data Review Checklist — GC 

Run ID: 
	 Analyst: 

9" Level Technical Review 
Review Element Evaluation * Comments use this space as needed) 

Calibration curve acceptance D Yes 	❑ No 	❑ NA 
criteria met? 

Endrin/DDT breakdown criteria ❑ Yes 	❑ No 	❑ NA 
met? (Pesticide anal ses onl ) 

ICV acceptance criteria met? ❑ Yes 	❑ No 	❑ NA 

CCV acceptance criteria met? ❑ Yes 	D No 	❑ NA 

MB acceptance criteria met? ❑ Yes 	❑ No 	❑ NA 

LCS acceptance criteria met? ❑ Yes 	❑ No 	D NA 

MS/MSD acceptance criteria met? ❑ Yes 	❑ No 	❑ NA 

SURR acceptance criteria met? ❑ Yes 	❑ No 	❑ NA 

Analyses checked for carryover ❑ Yes 	❑ No 	❑ NA 
contamination? 

Acceptable confirmation ❑ Yes 	❑ No 	❑ NA 
erformed on 2 id  column? 

Manual integrations appropriately ❑ Yes 	❑ No 	❑ NA 
erformed and identifed? 

Evaluations are applicable to target analytes only. Any "No" answer requires a Comment and the initiation of a Corrective 
Action Report (CAR) if the data is to be used. 

Data evaluated as "No" can be reported without a Case Narrative if any of the following apply (but a CAR is still required). 

• 	The control is biased high bias yet the analyte is "non-detectable" in the sample. 
• 	Blank contamination yet the analyte measured in the sample is "non-detectable" or > 10X the blank contamination. 
• 	Unacceptable MS/MSD recovery but the sample concentration is> 5X the concentration of the spike added. 

Data evaluated as "No" may be reported if any of the following apply, however a CAR and Case Narrative are required. Case 
Narratives are generated by the QA department  prior  to data validation in the LIMS. 

• 	Unacceptable MS/MSD recoveries handled in accordance with the MS/MSD Corrective Action Flowchart included in the 
QAP. 

• 	Insufficient sample, holding time, or turnaround time available for reanalysis. 
. 	Data meets the needs of the client (as per Project Manager). 

I certify that the above assessment has been performed and the analyses were performed according to the operating 
conditions and procedures contained in the current version of the Standard Operating Procedure. 

Initials: 	 Date: 

2nd  Level Technical Review 
Above assessment accurate 	 ❑ Yes ❑ No 
Data accurate in LIMS 	 ❑ Yes ❑ No 
If "No', list unacceptable evaluation(s): 

LIMS QA Validation performed 	 ❑ Entire Run 	D Partial Run 	❑ No samples validated 
Initials: 	 Date: 



SIMALABS International 
Data Review Checklist — GC/MS 

Run ID: 	 Analyst: 

1" Level Technical Review 
Review Element Evaluation * Comments use this space as needed) 

Calibration curve acceptance ❑ Yes 	D No 	❑ NA 
criteria met? 

Tune criteria met? ❑ Yes 	❑ No 	❑ NA 

ICV acceptance criteria met? ❑ Yes 	❑ No 	❑ NA 

CCV acceptance criteria met? ❑ Yes 	❑ No 	❑ NA 

MB acceptance criteria met? ❑ Yes 	❑ No 	D NA 

LCS acceptance criteria met? D Yes 	❑ No 	❑ NA 

MS/MSD acceptance criteria met? ❑ Yes 	❑ No 	❑ NA 

ISTD acceptance criteria met? D Yes 	❑ No 	❑ NA 

SURR acceptance criteria met? ❑ Yes 	❑ No 	❑ NA 

Analyses checked for carryover D Yes 	❑ No 	❑ NA 
contamination? 

Manual integrations appropriately ❑ Yes 	❑ No 	❑ NA 
erformed and identified? 

Evaluations are applicable to target analytes only. Any "No" answer requires a Comment and the initiation of a Corrective 
Action Report (CAR) if the data is to be used. 

Data evaluated as "No" can be reported without a Case Narrative if any of the following apply (but a CAR is still required). 

• 	The control is biased high bias yet the analyte is "non-detectable" in the sample. 
• 	Blank contamination yet the analyte measured in the sample is "non-detectable" or >  10X the blank contamination. 
• 	Unacceptable MS/MSD recovery but the sample concentration is > 5X the concentration of the spike added. 

Data evaluated as "No" mav be reported if any of the following apply, however a CAR and Case Narrative are required. Case 
Narratives are generated by the QA department  orior  to data validation in the LIMS. 

• 	Unacceptable MS/MSD recoveries handled in accordance with the MS/MSD Corrective Action Flowchart included in the 
QAP. 

• 	Insufficient sample, holding time, or turnaround time available for reanalysis. 
• 	Data meets the needs of the client (as per Project Manager). 

I certify that the above assessment has heen performed and the analyses were performed according to the operating 
conditions and procedures contained in the current version of the Standard Operating Procedure. 

Initials: 	 Date: 

2nd  Level Technical Review 
Above assessment accurate 	 ❑ Yes ❑ No 
Data accurate in LIMS 	 ❑ Yes D No 
If "No', list unacceptable evaluation(s): 

LIMS QA Validation performed 	 ❑ Entire Run 	❑ Partial Run 	❑ No samples validated 
Initials: 	 Date: 



SIMALABS International 
Data Review Checklist — HPLC 

Run ID: 	 Analyst: 

1" Level Technical Review 
Review Element 	 Evaluation * 	Comments use this space as needed 

Calibration curve acceptance 	❑ Yes ❑ No 	D NA 
criteria met? 

ICV acceptance criteria met? 	❑ Yes D No 	D NA 

CCV acceptance criteria met? 	❑ Yes ❑ No 	D NA 

MB acceptance criteria met? 	D Yes ❑ No 	❑ NA 

LCS acceptance criteria met? 	D Yes i7 No 	❑ NA 

MS/MSD acceptance criteria met? 	D Yes ❑ No ❑ NA 

SURR acceptance criteria met? 	D Yes ❑ No 	❑ NA 

Analyses checked for carryover 	❑ Yes i7 No 	D NA 
contamination? 

Manual integrations appropriately 	D Yes ❑ No 	D NA 
erformed and identified? 

Evaluations are applicable to target analytes only. Any "No" answer requires a Comment and the initiation of a Corrective 
Action Report (CAR) if the data is to be used. 

Data evaluated as "No" can be reported without a Case Narrative if any of the following apply (but a CAR is still required). 

• 	The control is biased high bias yet the analyte is "non-detectable" in the sample. 
• 	Blank contamination yet the analyte measured in the sample is "non-detectable" or >  10X the blank contamination. 
• 	Unacceptable MS/MSD recovery but the sample concentration is > 5X the concentration of the spike added. 

Data evaluated as "No"  mav  be reported if any of the following apply, however a CAR and Case Narrative are required. Case 
Narratives are generated by the QA department  orior  to data validation in the LIMS. 

• Unacceptable MS/MSD recoveries handled in accordance with the MS/MSD Corrective Action Flowchart included in the 
QAP. 

• 	Insufficient sample, holding time, or turnaround time available for reanalysis. 
• Data meets the needs of the client (as per Project Manager). 

1 certify that the ahove assessment has been performed and the analyses were performed according to the operating 
conditions and procedures contained in the current version of the Standard Operating Procedure. 

Initials: 	 Date: 

2"a  Level Technical Review 
Above assessment accurate 	 ❑ Yes ❑ No 
Data accurate in LIMS 	 D Yes ❑ No 
If "No', list unacceptable evaluation(s): 

LIMS QA Validation performed 	 ❑ Entire Run 	D Partial Run 	0 No samples validated 
Initials: 	 Date: 



Baker Environmental, Inc. 
A Unll oi Mlchae! Baker Corporatlon 

Richard M. Spitaler P.G. 
Environmental Geologist 

Years with Baker: 4 General Qualifications 
Years with Other Firms: 7 

Mr. Spitaler is a Professional Geologist with experience in the Enviromnental 
Education and Engineering Consulting Fields. He has completed a variety of 
Northeastern Illinois University environmental projects in areas ranging from investigation to decommissioning 
Masters Degree Program oversight. Project focus has included: groundwater quality issues (from 
Geography and Environmental 

investigation to remediation); independent technical reviews; regulatory Sciences 
permitting and compliance; environmental issues surrounding real estate 

Southern Illinois University transactions; and, underground storage tank closures. 

B.A., Geology, 1981 
Experience 

University of Illinois 
B.A., Psychology, 1978 • 	RCRA Facility Investigations. Implementation of a comprehensive 

groundwater quality investigation (RCRA agreed order) for two major steel 
Registrations mills in Northwest Indiana. Duties included oversight of the installation of 
Professional Geologist monitoring well networks at several hazardous waste facilities, 
Indiana, Illinois characterization of soils, collection of soil and groundwater samples, 

National Groundwater coordination of site activities and assisted in data analysis and presentation 

Association Member for regulatory reporting. 

IDEM Contract Services. Provided Remedial Action implementation at an 
IDEM Superfund Section investigation/monitoring program in north central 
Indiana, assisted with O&M at a long-term IDEM LUST remediation 
project, and provided technical review of docutnents submitted the IDEM 
Voluntary Remediation Program (VRP) at numerous sites across Indiana. 
Also served as a Project Geologist for a site under the IDEM VRP located in 
Lafayette, Indiana that was completed to receipt of a Covenant-not-to-Sue. 

Hydrogeological and Subsurface Investigations. Supervised and managed 
numerous geological investigations at commercial, industrial, and 
government sites. This lias included the supervision of roonitorinQ 
programs, SVE pilot testing, in-situ biodegradation pilot testing, and 
rising/falling head tests. Performed numerous subsurface drilling 
investigations for sites with contaminated soil and/or groundwater. Duties 
included split spoon sampling, sand sampler sampling, shelby tube 
sampling, lithologic descriptions, cone penetration testing, Geoprobe, 
geochemical, waste, sediment, surface water, groundwater, soil, rock and 
analytical sample collection, health and safety supervisor, monitorin.g, 
geotechnical investigations, monitoring, multiple casing and recovery well 
installation, strict decontatnination and documentation procedures, air and 
water surging well development, hydro-washing well developmetrt, well 
sampling, quality control sampling, aquifer testing, natural attenuation 
screening, etc. 

• Underground Storage Tanks. Managed site investigations and the 
decommissionina of underground storage tanks (USTs). Fainiliar with all 
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Baker Environmental, Inc. 
A Unl[ o7 Michael 8aker Corporation 

we 

phases of UST work, which included 2 years of UST related work 
~ 

experience at a major steel mill. Drafted the required reports and worked 	F; 
with state and local agencies to achieve regulatory compliance in the most 
cost effective manner. 

• Environmental Assessments. Worked on Phase I and Phase ll 
environmental assessments at various industrial and commercial facilities. 
Responsibilities have included: record research and record review, 
interpretation of aerial photographs as well as topographic and Qeologic 
maps, and report writing. 

• Environmental and Regulatory Compliance Sampling. Supervised 
numerous sampling investigations, authored sampling plans, conducted soil, 
wipe, lagoon, tank, drum, smokestack and waste water treatinent sampling, 
written QA/QC protocols, and developed health and safety plans. 

• Asbestos Remediation. Have two years experience witli asbestos 
abatement projects. Responsibilities have included: microscopic analysis of 
ACM, air monitoring for regulatory compliance, site inspections, and 
monitoring the health and safety of workers. 

• Waste Water Treatment. Have worked on several waste water treatment 
projects. Responsibilities have included sludge densification pilot testing, 
settling rate and flow rate calculations, environmental compliance sampling, . 
and NPDES permitting. 

• Environmental Project Audits. Provided independent technical review of 
the remedial investigation, remedial approach, and remedial systeln design 
at UST sites for the State of Wisconsin. These audits assessed the technical 
merit and cost effectiveness of the UST related work performed by the 
primary responsible parties environmental consultants. In addition, 
provided independent technical review and evaluation of consultants 
remedial practices for the Departlnent of Colnmerce's legal department. 

• Regulatory Compliance. Worked on the preparation of reports and 
applications for NPDES permitting, SARA TITLE 111, sections 31 I, 312, 
and 313 reporting. Clean Air permitting, and Consent Decree compliance. 

Department of Transportation. Two environmental contracts with the 
Illinois Department of Transportation that included the generation of work 
plans, participation in weekly progress meetings, environmental screening 
and sampling, coordination of storage, trucking, and disposal of soil and 
water waste, and the supervision of enviromnental operations durina 
construction within areas ofsuspected contamination. 
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Baker Env§ronmental 
A Unit o7Michael8aker Corporation 

James D. Peyton 
Senior Environmental Geologist 

Years with Baker: 11 Mr. Peyton is a senior geologist in the site characterization section of the 
Years with Other Firms: 0 Merrillville, Indiana Regional Office at Baker Environmental, Inc. He has 

completed a variety of environmental projects in areas ranging from 
Education investigation to remediation and construction oversight. Project focus has 
Indiana University included groundwater quality issues (from investigation to remediation), solid 
Bloomington, Indiana and hazardous waste management, environmental issues surrounding real estate 
B.A., Geology, 1990 

transactions, construction management, and underground storage tank closures. 

Registration 
AHERA Building Inspector 	During the course of an eleven year relationship with the Indiana Department of 
Troxler Nuclear Testing 	 Environmental Management (IDEM), he has provided technical'assistance on 
Equipment Operator 	 numerous projects and committees including: community relations, project 
Wisconsin UST Site 	 reviews, specific technical/methodology questions for assessment, 
Assessor 	 investigations and remediation, research and vender searches, policy impact 

discussions, alternative policy cost comparisons, inter and intra-agency 
Professional Geologist 	 relations, interpretation of agency regulation/guidance, project funding, 
licensed in Indiana and 	 appearance at public meetings, and enforcement case litigation support. 
Illinois 

Highlights 	 Experience 

VRP Knowledge. 	 • Project Manager/Geologist for the IDEM Voluntary Remediation Program 
(VRP) at numerous sites across Indiana for technical review of documents 
submitted to IDEM, technical support, field inspections, confinnation 
sampling and participation as technical consultant at project meetings. 

Reduced costs through use 	. Project Field Manager/Geologist for an IDEM Superfund Section Remedial 
of advancements in direct 	 Design and Remedial Action site in north central Indiana. Developed work 
push and field analytical 	 plans; conducted soil and groundwater sampling; via GeoProbe, monitoring 
services. 	

well sampling, and well installation; mobile, State contract, and private 
laboratory coordination; groundwater modeling; natural attenuation 
monitoring; reporting, and community relations. 

RISC Training. 	 • Project Geologist for RISC guidance development, committees, and 
reviews: worked with IDEM for develop a cost comparison of proposed 
RISC rules to other State programs including statistical sampling 
method/judgmental sampling comparisons; received the same four-day 
RISC training as IDEM staff; and, Team Leader for technical reviews of 
RISC documents received from IDEM for comment. 

IDEM received highly 	 ® Project Manager for a major site characterization at a manufacturing facility 

favorable reviews by both 	 in South Bend, Indiana for IDEM. Included preparation of project plans 

interagency and USEPA 	 (QAPP, SAP & HASP), the implementation ofthese plans in the fied (off- 

reviewers. 	 site well survey and sampling, soil gas survey, cone penetrometer testing 
(CPT) soundings and groundwater sampling, auger borings, HydroPunch 
sampling, well installation, soil and groundwater sampling), the 
coordination of analytical data validation, the interpretation of investi ~ation 
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Baker Env§ronmental 	 ames.—  e'f yton 
A Uni! ol Mithael8aker Corporation 	 Senior Geologist 

results, conducted project progress meetings with IDEM technical support 
and management staff, report preparation and development of remedial 
altemative options. Performed additional services for IDEM including 
pumping test, groundwater modeling, gross cost remedial alternative 
evaluation, and review of municipal water system. Provided IDEM and 
municipal water department with technical assistance during continuing 
evaluation of remedial/water supply altematives, technical review of 
facility owner and USEPA documents, and National Priority List Scoring 
evaluation review. Ongoing activities include: free product delineation, 
migration monitoring, mitigation alternative evaluations and 
implementation, and providing technical support to IDEM. 

• Project Geologist for the technical operation, maintenance, and monitoring 
Reduced IDEM O&M costs 	 of an air stripper, above ground vapor filtration and carbon filtration system 
with system upgrades. 	 in northern Indiana for IDEM. Researched, designed and implemented 

successive system upgrades that increased ovemll operating efficiency and 
lowered operational expenditures. Supervised and coordinated all 
construction activities including grading site to design specification; 
installation of geo-membrane liner; distribution piping; distribution pea 
gravel and filter material; installation of the air stripper and system 
plumbing; and system maintenance. Coordinated the removal, disposal and 
replacement of clogged packing material from multiple air strippers. In 
addition, an Operation and Maintenance Manual, construction, and system 
operations reports were prepared. 

• Project Geologist for the installation of ventilation systems in residences 
IDEM received praise for 	 impacted by petroleum vapors in northern Indiana for IDEM. Coordinated 
effective application. 	 the installation with homeowners, system design, contractors, state agency 

representatives, supervised the system installations and modifications. 

Long-term working 	 • Project Manager/Geologis t for leaking underground storage tank 

relationship with IDEM. 	 investigation sites in Indiana for IDEM. Projects consist of work plans, soil 
gas surveys, installation of monitoring wells, hydrogeological studies, 
remediation system design, operations and maintenance, and local 
community involvement. 

• Project Manager/Geologist for ongoing projects under a RCRA Agreed 
RCRA Agreed Order for 	 Order addressing hundreds of SWMUs and AOCs at a northem Indiana 
hundreds of SWMUs and 	 facility. Responsible for work plan development, response to USEPA 
AOCs. 	 comments, implementation ofwork plans, conceptual site models, visual 

inspections, historical research, technical support during agency 
negotiations, coordination with multiple consultants, sub-contractors, and 
facility managers, data summaries, evaluations and reports. 

No Further Action for 57 	• Project Geologist for a completed RCRA Facility Investigation Phase I for 
RCRA SWMU/AOCs. 	 64 SWMU/AOCs at a northern Indiana facility. Developed/revised work 

plans, response to USEPA comments, implementation of work plans, 
technical support during agency negotiations, coordination of multiple sub- 
contractors, facility managers, data summaries, evaluations and 23 volume 
reports. Project Manager for remaining SWMU/AOC Phase II activities. 

' ,a 
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	 Senior Geologist 

Reduced sampling costs 	® Project Manager/Geologist for sites under the IDEM VRP located in central 
through negotiations with 	 Indiana. Included VRP applications, development of work plans, multi- 
VRP. 	 matrix field investigation, aquifer testing; reports, determination of program 

approach, groundwater modeling, risk assessment, natural attenuation 
evaluations, response to comments, and clientNRP negotiations/meetings. 

UST/LUST closures. 	 • Project Geologist/Field Manager for over thirty underground storage tank 
closures in Indiana and Illinois. Included site supervision of removal 
activities, regulatory reporting, permitting and notification, collection of 
confirmatory samples, review of analytical results, research and 
coordination of altemative off-site disposal options, tracking and review of 
client contractor financial disputes, and closure reports. Supervised and 
tested backfill material under strict construction specifications and prepared 
and implemented multiple site restoration specifications. 

Large scale geotechnical 	
• Project Geologist for a large-scale geotechnical drilling and testing program 

investigations. 	 for landfill design at two major steel mills in Northwest Indiana. Included 
oversight, installatioti of numerous monitoring wells, detailed soil 
characterization, vane shear testing, geotechnical in-situ testing, supervision 
of multiple drill rigs and personnel, and the collection of soil samples for 
geotechnical parameters and groundwater samples for analysis. 

• Project Geologist for the investigation of a large pipeline release adjacent to 
Client avoided remedial 	 a state wildlife refuge, located near Griffith, Indiana. Conducted soil, 
costs through innovative 	 groundwater and free product sampling on an accelerated schedule. 
analytical data evaluations_ 	 Hydrocarbon fingerprinting was compared to product usage records from 

pipelines operated by three companies. 

• Project Geologist for the implementation of a comprehensive groundwater 

Large scale RCRA 	 quality investigation (RCRA agreed order) for a major steel mill in 

groundwater programs 	 Northwest Indiana. Included oversight, installation of monitoring well 
networks at several hazardous waste facilities, characterization of soils, 
collection of soil, sediment, surface water, waste and groundwater samples 
for geotechnical and analytical testing, coordination geophysical surveys, 
supervision of site activities, QA/QC, data analysis and presentation for 
regulatory reporting. 

• Project Field Manager for a sustained pilot test at a central Indiana 
Alterations of water supply  
system eliminated need for 	 municipal water supply. Alternative pumping scenarios were conducted to 

costly remediation system. 	 evaluate water treatment operations at the facility. The pilot study 
demonstrated through controlled groundwater pumping that contamination 
could be remediated and was protective of public service water quality. 

Client was able to transfer 	• Project Geologist for the technical operation, maintenance, and monitoring 
operations to new owner 	 of a bio-remediation system in Hammond, Indiana. The system was 
due effective treatment 	 designed to extract groundwater from a network of horizontal extraction 
system. 	 trenches, introduce commercially produced hydrocarbon degrading bacteria 

and nutrients, and re-injection into dispersion trenches or spray irrigation of 
impacted soils. Conducted cleanup objective verification sampling of 
treatment cells and periodic system operations sampling. 
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	 Senior Geologist 

MGP fractured bedrock 	 • Project Geologist for the delineation and remediation of coal tar (MGP site) 
migration and remediation. 	 migration through a fractured bedrock formation in westem Illinois. 

Conducted remedial alternative evaluation for client operated remedial 
action. 

• Quality Control Officer for a RCRA lagoon closure at a steel finishing mill 
Client reduced costs by  
consolidating operations. 	 located in central Illinois. Included inspection of construction activities to 

meet strict specifications during sludge stabilization, transportation, and 
deposition into an associated site landfill, final inspection of lagoon prior to 
closure, density and moisture verification testing during placement of 
backfill material, and final inspection of restoration activities. 
Responsibilities also included trouble shooting during ongoing site 
construction activities project progress meetings with the client and 
subcontractor. Designed and conducted a groundwater monitoring plan 
under the IEPA Landfill permit and reporting to the Agency, 

Favorable decision for 	 ® Provided witness testimony during a civil suit in Indiana, associated with an residents and IDEM.  
ongoing State of Indiana enforcement case at a petroleum release site. 
Services included litigation support during pre-trial discussions and 
courtroom testimony. Provided testimony on site investigations, local 
aquifer characteristics, probable sources of the contested soil and 
groundwater contamination, plume migration history, State plume 
interception actions, and site observations. The court case was decided in 
favor of the client and the State of Indiana in a subsequent Summary 
Judgement decision. 

• Geologist/Supervisor for environmental contracts with the Illinois DOT. 
Generation of work plans, progress meetings, sampling and disposal of 
soil/water, and supervision of operations within areas of contamination 
adjacent to ecologically sensitive areas. 

Ecological and human 	 • Project Geologist for the evaluation of environmental impacts from with 
exposure evaluation. 	 glass slurry disposal in landfills and coal-mine backfill in Pennsylvania. 

Groundwater, and coal-mine seeps, surface and surface soil exposure 
pathways for ecological and human exposure were evaluated; reniedial 
measures were recommended and implemented. 

Performahce of real time 	• Project Geologist at former missile sites for the Army Corps of Engineers 
aquifer evaluation prevented  
costty remobilization. 	 natural attenuation parameter and aquifer testing at sites in Nebraska, 

Wyoming and Colorado. 

Drilling Experience. 	 • Performed numerous subsurface drilling investigations for sites with 
contaminated soil and/or groundwater. Duties included split spoon 
sampling, sand sampler sampling, shelby tube sampling, lithologic 
descriptions, cone penetration testing, Geoprobe, geochemical, waste, 
sediment, surface water, groundwater, soil, rock and analytical sample 
collection, health and safety supervisor and monitoring, geotechnical 
investigations, monitoring, multiple casing and recovery well installation, 
strict decontamination and documentation procedures, air and water surging 
well development, hydro-washing well development, well sampling, quality 
control sampling, aquifer testing, natural attenuation screening, etc. 
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Thomas P. Noble 
Environmental Scientist  

Years with Baker: 1 General QualiScations 
Years with Other Firms: 24 . 

Mr. Noble is an Environmental Scientist in the Midwest Region Office of 
Education Baker Environmental, Inc. with extensive experience in environmental 

consulting and site remediation. He has completed a variety of environmental 
College of DuPage 
General Studies 

projects from investigation, to remediation construction oversight, and 

Illinois Institute of Technology operations and maintenance (O&M). 

Mechanical Engineering 
Preparration Experience 

• 	Performed site inspections and regulatory compliance reviews for a 
Registration national client at existing and new sites, and assisted with local agency 

reviews. 
IDPH-AHERA Building 
Inspector, IDPH-Lead Based . 	Performance of Phase I and Phase II Environmental Site Assessments 
Inspector and Risk Assessor throughout Illinois, Indiana, Michigan, Texas, New Jersey, New York, 

Florida, Tennessee, Virginia, Ohio, California, Idaho, and Washington. 
Some projects included Asbestos Building Inspections and Lead Based 
Paint Inspections and Risk Assessments. Licensed in Illinois, Indiana, 
Wisconsin, and Washington. 

Preliminary Site Assessments for wireless telecominunication antenna 
location. Assembled team to perform assess nents, coordinated activities 
with client, provided QA/QC with direction for limited Phase 11 sampling 
activities managed performance of sample collection and laboratory 
subcontract. 

• IEPA SRP in-situ lead stabilization and re noval project at a shopping mall. 
Removed approximately 3,000 tons of stabilized soil for disposal. 

Completed project and obtained NFR letter for the Property owner. 

• Managed and performed sampling activities at fonner PCB capacitor 
manufacturing facility for segregation of materials during demolition of 
manufacturing building prior to incineration activities in Thermal 
Desorption Unit. 

CERCLA Sites 

Assisted with Remedial investigative activities prior to construction. 
Activities included construction of work platform and slurry wall within 
"Exclusion Zone." Afrer remedial activities had established "clean line of 
travel, established RCRA landfill cap. 

® Performed and managed activities related to Phase I and Phase I I 
Environmental Site Assessments to ASTM Standard of Practice E 1527-97, 
and Asbestos building inspections and bulk sample collection activities per 

r 	 AHERA and 40 CFR 763 protocols and regulations. 
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Thomas P. Noble 
Baker Environmental 
AVnit of Michael Baker Corpora0on 

• Performed a baseline assesstnent activities at Fernald Environmental 
Management Project. Areas of responsibility included TSCA/PCB 
management and handling of wastes for storage and disposal, sampling, 
and analytical procedures. 

• Construction Manager for the remediation of PCB contaminated sites on 
company-owned and privately owned properties. Activities included 
managing daily waste handling operations and waste minimization efforts 
at various company service centers and four electric generating stations. 

• Supervisor of crews assigned routine and emergency maintenance activities 
for equipment related to the O&M and operation of steam generating 
equipment, turbines, generators, and related auxiliary equipinent. 

• Responsible for O&M and operation of air pollution control equiptnent 
including; electrostatic precipitators, fly ash control equipment, and related 
fugitive dust collection equipment. Performed troubleshooting activities 
for systems and oversight of maintenance activities. 

• Responsible for O&M and operation of wastewater treatment collection, 
boiler demineralization system and boiler water analytical quality. 
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Margaret C. James 
Environmental Scientist 

Years with Baker: 4.5 	 General Qualifications 
Years with Other Firms: 0 	 '  

Ms. Margaret (Peggy) James is an assistant environmental scientist with 
Education 	 experience in ASTM Standard Phase I and Il Environmental Site Assessments, 
Saint Joseph's College 	 ecological surveys, and environmental database management, database design, 
B.S., Environmental Science, 	and SARA Title III Compliance Work. 
1996 

Experience 

Database Design 	 • Designed and implemented several Microsoft Access databases to assist in 
tracking and responding to public comments, and record sources for the 
Indiana Department of Transportation Route 231 Relocation project. 

Designed and implemented a Microsoft Access database to assist in tracking 
Fugitive Dust sources at a major steel manufacturing facility in Northwest 
Indiana. Database was used in compiling fugitive dust sources, information 
regarding vehicular traffic, and road conditions which contribute to fugitive 
dustreleases. 

Database Management 	• Analytical Data manager to a major steel manufacturer during the coarse of 
RCRA corrective action being performed in Northwest, Indiana. 
Responsibilities include data tracking of many different sampling activities 
occurring at various locations at the facility. Create and maintaiii a sample- 
tracking database that encompassed sample collection information, relevant 
field parameters, information and chain of custody information. Create and 
maintain a unique identifier system to correspond with each sampling location 
and depth for various sample media including surface soil, subsurface soil, 
surface water, waste, groundwater, and sediment. Create and maintain 
uniform field parameter reporting spreadsheets. Facilitate smooth accurate 
transfer of sample from field locations to laboratory under proper chain of 
custody and assurance that all necessary analysis is performed for any given 
sample. Transfer electronic laboratory data and validation of that data from 
text format for final input into Terra Base. 

Provided data management service for Bayer Corporation, Elkhart; Indiana. 
Assisted in developing several Microsoft Excel spreadsheets and Microsoft 
Access Databases encompassing topics of equipment tracking, waste disposal 
activities, hazardous waste manifests, and tracking of asbestos removal 
activities. 

• Provided data management service and research knowledge to a major steel 
manufacturer in Northwest, Indiana. Created and maintained Microsoft Excel 
spreadsheets to assist in the development of a conceptual site model detailing 
spills and releases throughout the facilities operation. Assisted in the 
development of a comprehensive listing of areas of environmental interest 
contained within the facility. 
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• Ms. James has conducted numerous Phase I site assessments in Indiana. 
Work on ESAs involved: conducting site visits, recognizing environ nental 

Phase I/ II Environmental 	concerns (past and present), reviewing records and previous reports, 
Site Assessments 	 researching property title transfers and historical usages, conducting 

interviews, making recommendations and writing reports. 

• Provided RCRA RFI services for two major steel manufacturers in the 
Midwest. Assisted in the groundwater-sampling program including well 

Environmental Sampling 	 development, purging, and sampling as well as hydropunch groundwater 
Experience 	 sampling. . Groundwater sampling program included well developtnent, low 

flow purge, collection of field parameter including, pH, specific conductivity, 
dissolved oxygen, oxidation-reduction potential, turbidity, and temperature. 
Additional services included ecological field survey, and soil and waste 
stream sampling: Assisted with laboratory data validation manaQement and 
QA/QC activities. 

• Performed hazardous waste characterization and surface water and sediment 
sampling to a major steel manufacturer in Northwest, lndiana. Collected 
several different waste stream samples for various analyses. 

Performed surface soil and groundwater sampling for a manufacturina facility 
in Central Indiana. Sampled multiple riverbank locations usina hand augers 
and stainless steel spoons. Groundwater samples were collected at a Iow flc. 
purge. Field parameters were collected on sight using Horiba U-22 inodel anu 
HACH total iron field kit. 

Performed groundwater sampling at a chemical manufacturing facility in 
Charleston, West Virginia. Sampling consisted oftwenty-four flush mount 
wells using tephlon bailers. Samples were tlten labeled and documented for 
Chain of Custody's and shipped offsite to an independent laboratory. 
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CHRISTOPHER D. BARTOSZ, P.L.S. 
Director of Surveying 

Mr. Bartosz has over seventeen years experience in all phases of 
land surveying. His project management work includes large- 
scale commercial and residential land development surveying 
projects from site development through final subdivision, 
construction and post-construction phases, as well as commercial 
land title and construction surveying. Mr. Bartosz has perFormed 
location studies for municipalities, topographic and environmental 
studies. He has been involved in major land acquisition and route 
surveying projects for the Illinois Department of Transportation 
and the Illinois State Tollway Authority. 

PRO]ECTINVOLVEMENT 

Soldier Field, Chicago, Illinois- Project Manager responsible 
for the 160 acre Stadium and Park renovation. The scope of 
surveying services included highly accurate surveying methods to 
locate 1400 support columns and other key structural elements 
underneath the Stadium, as well as key architectural elements on 
the Stadium roof and colonnades. The project also consisted of 
an enormous amount of data collection, gathered by Global 
Positioning Systems and traditional surveying methods of the 
Stadium parking lot, adjacent Museum parking lots, Burnham 
Harbor and McCormack Place infrastructure. The resulting 
product consisted of a 30-sheet topographic and boundary survey 
showing all of the aforementioned information in great detail. 

Braidwood Nuclear Power Plant, Braidwood, Will County, 
Illinois- Project Manager responsible for a thirteen square mile 
land title survey of a nuclear facility. With the use of Global 
Positioning Systems and traditional surveying methods, V3 was 
able to perform thirteen square miles of boundary surveying, as 
well as locating improvements within and adjacent to the 
aforementioned facility. Services also included the creation of 
many permanent and temporary easement exhibits. 

Chicago Premium Outlets, Aurora, Illinois- Project Manager 
responsible for a 230-acre commercial/industrial land title survey 
and topographic map. With the combination of Global Positioning 
Systems and traditional surveying methods, V3 was able to 
produce a highly detailed, accurate Governmental section land 
title survey and topographic map, which included numerous 
amounts of complicated easements and restrictions. 

PROFESSIONAL EXPERIENCE:  
V3 Consultants, Ltd. 
Director of Surveying 
2001 - present 

V3 Consultants, Ltd. 
Project Manager of Land 
Surveying Services 
1999-May 2001 

Cowhey, Gudmundson, Leder 
Project Manager of Land 
Surveying Services 
1993-1999 

Bollinger, Lach & Associates 
Crew Chief and Project 
Manager of Land Surveying 
Services 1986-1993 

EDUCATION:  
Iowa State University 
Ames, Iowa 

Associates Degree in Science 
College of DuPage 
Glen Ellyn, Illinois 

REGISTRATION:  
Professional Land Surveyor, 
Illinois 

PROFESSIONAL ASSOCIATIONS:  
Illinois Professional Land 
Surveyor Association 



CHRISTOPHER D. BARTOSZ /  P.L.S. 
Director of Surveying 

PRO)ECTINVOLVEMENT 

CVS Pharmacy Chain, Chicagoland, Illinois- Project Manager responsible for the surveying 
services for over twenty sites throughout Chicagoland. The services included highly detailed land 
title surveys and topographic maps, plat of vacations, plat of easements, plat of consolidations 
and plat of subdivisions. We are presently managing the construction of several of these sites. 

Illinois Department of Transportation Land Acquisition — District 2- Surveyor-in-charge 
of an eight-mile land acquisition project for a state highway between Tampico, Illinois and Dixon, 
Illinois. 

Cambridge at Carillon, Will County, Illinois- Surveyor-in-charge from start to finish of a 
700-acre golf course and senior citizen residential development. The scope of surveying 
services for this project included traditional surveying methods to establish horizontal and 
vertical control for the 3D locations of all improvements for topographic studies. Additionally, 
Chris prepared multiple plats for the project and was the project manager for construction and 
post-construction phases. 

Falling Water Subdivision, Burr Ridge, Illinois — Surveyor-in-charge from start to finish of 
this 120-acre upscale residential development. The scope of surveying services for this project 
included traditional surveying methods to establish horizontal and vertical control for the 3D 
location of all improvements and for boundary and topographic studies. In addition, Chris 
prepared multiple plats for the project and was the project manager for construction and post- 
construction phases. 



R. DAMON LEE, CHMM, REA 
®irector of Environmental Redeve%pment 

Mr. Lee has over 24 years of experience in the investigation, 
evaluation and remediation of environmental conditions, with a 
focus on development and redevelopment of impaired properties 
(Brownfields) and natural resources. He is involved in strategic 
redevelopment planning and execution, including the procurement 
and execution of state and Federal grants and loans, site 
characterization and regulatory closure, investigation and 
remediation of soil and groundwater contamination. His 
experience also includes a wide range of land-related 
environmental services such as due diligence, management and 
technical responsibility on environmental investigations and 
remediation, ecological and biological studies, industrial 
compliance audits, and environmental impact statements. In 
particular, he is active in assisting communities and developers in 
processing public and private properties through the Illinois Site 
Remediation Program and Brownfield Program, utilizing private 
and public funding. 

PROGRAM EXPERIENCE 

Environmental Site Assessments for Property Transactions 
- Involved in ESAs for over a decade and developed and led a 
global consulting firm's corporate Environmental Assessment 
Group for 5 years. Has represented both buyers and sellers, and 
worked with numerous lenders. Involvement has included small 
to large properties, and simple to complex 
industrial/manufacturing facilities. He has also been involved in 
numerous multi-site assessments and corridor studies. Commonly 
represents larger industrial clients in sale or purchase of multi- 
facility companies, assisting in price and liability negotiations. 

Brownfield Redevelopment - Primary role is assisting public 
and private sector clients in the redevelopment of Brownfield 
properties. This includes strategy planning, grant processing, and 
negotiations related to regulatory closure. Has successfully 
completed U.S. EPA and IEPA Brownfield Grant applications, and 
has completed numerous projects under state regulatory 
programs throughout the U.S. In the State of Illinois Mr. Lee has 
completed projects under the Site Remediation Program, Leaking 
Underground Storage Tank Program, and Brownfields Program. 
He maintains close relationships with agency management and 
staff, and is current on regulatory developments. He has 

PROFESSIONAI EXPERIENCE:  
V3 Consultants, Director of 
Environmental Redevelopment 
1999-Present 

Montgomery Watson, Principal 
Environmental Investigation & 
Remediation 
1985-1999 

Ohio Environmental Protection 
Agency, Water Quality 
Specialist 
1981-1985 

EDUCATION:   
Bowling Green State 
University, Environmental 
Science 

Stephen F. Austin State 
University, MS in Aquatic 
Biology 

Wittenburg University, BS in 
Biology and Geology 

ORGANIZATIONS:  
Academy of Certified 
Hazardous Materials Managers 

National Association of 
Environmental Management 

CERTIFICATIONS:  
Certified Hazardous Materials 
Manager (Masters Level) 

Registered Environmental 
Assessor(REA) 

Certified Asbestos Inspector 
and Management Planner 
(expired) 



R. DAMOru LEE, CHMM, REA 
Director of Environmental Redeve%pment 

participated in numerous site closure negotiations with the U.S. Dept. of Justice and the 
Illinois Office of the Attorney General. 

Environmental Impact Statements and Assessments - Long history of involvement 
related to the investigation of soil and groundwater issues. Has participated in EISs and EAs 
related to the proposed construction of regional wastewater interceptors, airports, and 
transportation. Has planned and supervised groundwater monitoring programs and developed 
and implemented soil boring investigations. Has also conducted investigations and assessments 
related to asbestos, radon, and lead-based paint. Mr. Lee has coordinated environmental 
assessments and baseline surveys of U.S. Military Installations. He is often called upon to 
provide expert testimony related to site issues. This activity typically includes a review of site- 
specific data, and evaluation of contractor performance and site conditions, as related to the 
applicable regulatory framework. Such reviews are typically performed to evaluate previously 
implemented remediation technologies, proposed additional investigation or remediation 
activities, or adequacy of work. 

Site Remediation and Structural Renovations - Assisted clients in the development of 
remediation programs to address numerous types of environmental issues, and has managed 
the execution of remediation projects. He has participated in the investigation and 
development of remedial alternatives for spill and disposal areas (lagoons, wastewater 
discharge ponds, etc.). With regard to underground storage tanks, he has supervised removal 
and abandonment projects ranging from small interior tanks to buried railcars. Mr. Lee has also 
managed the environmental aspects related to structural upgrading such as bridge and water 
tower renovation. 

Risk Evaluation/Risk Assessments - Has been involved in evaluating risks related to 
environmental impact, and providing associated cost assessments (current and future). 
Commonly evaluates degree of risk and associated cost magnitudes. Has assisted property 
owners in successfully addressing environmental concerns prior to marketing of their site. Acts 
as an agent for owners, meeting with and responding to the interests of prospective lenders 
regarding properties, which are in various stages of investigation or remediation. Has 
coordinated perFormance of full-scale risk assessments to determine the level of risk posed by 
existing site conditions according to U.S. EPA and state protocols. He is well versed in the 
completion of Risk Based Corrective Action (RBCA) protocols. He is knowledgeable of the Illinois 
TACO (Tiered Approach to Cleanup Objectives) protocols, and has obtained state closure 
approval at numerous sites using this approach. 

Building Investigations - Mr. Lee has managed projects related to the investigation of 
buildings and structures. In this regard he has supervised the investigation, inventory, removal 
and/or repair of asbestos-containing materials, PCBs, lead-based paint, and drums of unknown 
materials. As a certified asbestos inspector, Mr. Lee has performed asbestos surveys of large 
industrial complexes. 



R. DAMON LEE, CHMM, REA 
Director of Environmental Redeve%pment 

Ecological/Water Quality Management & Planning - Assessed environmental impacts of 
a wide range of engineering and development activities on many different types of water bodies 
and environments. His activities in water quality management include wetland impact studies, 
benthic surveys, WWTP efFluent impact on receiving streams, septic system influence on lake 
water quality, and various investigations and assessments concerning developmental impacts 
on water resources. As a Water Quality Specialist with the Ohio Environmental Protection 
Agency, Mr. Lee was the Water Quality Plan Coordinator for three of the state's regionai 
planning agencies. 

U.S. EPA Superfund - Has managed six Superfund sites through the remedial investigation 
stage and has completed two feasibility studies. His management capacity included negotiation 
with PRPs and state/federal agencies, and participation in community relations programs. 



R. DAMON LEE, CHMM, REA 
Director of Environmental Redeve%pment 

PROJECT INVOLVEMENT 

Brownfield Redevelopment 

Currently providing technical assistance and strategic planning assistance to the Village 
of Summit, Illinois, relative to local Brownfield sites. V3 prepared and won an IEPA 
Brownfield Grant for the Village and is preparing to execute project activities that 
center around redevelopment of a former gasoline service station and grocery store. 
V3 is also assisting in the Village in redevelopment planning related to a large (30 acre) 
former scrap yard that is currently under litigation. 

• 	Assisted the Village of Franklin Park in preparing and winning an IEPA Brownfield Grant 
relative to redevelopment of two blocks of the central downtown district, which 
includes a former dry cleaning operation. V3 is currently executing Phase I ESA 
activities in preparation for soil and groundwater investigation of the area. 

• 	Working with Village of Bedford Park in identifying properties relative to IEPA 
Brownfield Grant and potential interest by local developers. 

• 	Working with the Nicor/ComEd Brownfield Partnership, which is assisting communities 
identify, characterize and advertise local Brownfield properties. Similarly, he is active 
with Cook County Enterpriz, the redevelopment organization for the county. 

• 	V3 representative in the Brownfield Redevelopment Alliance — which includes V3, Opus 
Corporation and the Chicagoland Redevelopment Institute. Opus Corporation is one of 
the largest developers in the US, and is actively seeking Brownfield sites for purchase 
and redevelopment. The Chicagoland Redevelopment Institute is an affiliate of the 
Delta Institute, and is a non-profit organization. The Alliance provides value to 
communities by providing options and wide-ranging expertise in both private and 
public sector redevelopment. 

Working with the City of Gary, Indiana in the execution of a USEPA Brownfield Grant 
related to redevelopment of the J-Pit — a former gravel quarry within the city limits. V3 
has worked with the Gary Dept. of Environmental AfPairs and the Northern Indiana 
Center for Land Reuse in defining wetland jurisdiction at the site, identifying potential 
redevelopment options, reviewing site data, and developing a comprehensive 
investigation scope. V3 anticipates assisting in the quarry reclamation effort through 
our ecological services group. 

In 2000, V3 prepared a USEPA Brownfield Pilot Site Grant application for the Northwest 
Municipal Conference. V3 had developed an approach to leverage USEPA funds by 
obtaining a complementary IEPA Brownfield grant. The grant application was scored 
high by USEPA, but was not awarded due to demographics of the Conference area. 

Lead V3's partnership with the Chicagoland Redevelopment Institute relative to the 
purchase, redevelopment and construction of a new building by a large Chicago non- 
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profit organization. 

• 	Working with the Gary Urban Enterprise Association in the evaluation, planning and 
design related to redevelopment of 500 acres of mixed wetland and industrial land, to 
construct a new light industrial park. It is anticipated the park will consist of a number 
of "pod" developments that integrate the wetland areas, creating an eco-industrial 
park. 

• 	A global mail provider needed a new central distribution facility in the downtown 
Chicago area, and wanted to take advantage of the Illinois Brownfield process and 
assist in redevelopment of an abandoned property located on Goose Island. The 
property had a long industrial history and significant soil and groundwater 
contamination. A TIF district was created for the project, and remediation was 
performed to achieve industrial risk-based closure standards and regulatory closure 
was completed under the Site Remediation Program. 

• 	One of Chicago's oldest manufacturing companies needed room for expansion, and an 
adjacent site was identified as suitable. Investigation disclosed significant pockets of 
contamination. The closure process included coordination with the City of Chicago 
Department of Environment and their consultants. 

Regulatory Closure 

• 	When a municipality initiated development activities on a property it had been given a 
decade ago, soil and groundwater contamination was identified across the site. V3 is 
working with the three historical site owners (global manufacturing companies) and the 
municipality, in a partnership, to investigate and remediate the property under the 
Illinois Site Remediation Program. 

• 	Due diligence disclosed impact under a site building, due to release from battery 
charging operation. Because the buyer had contracted with contractors, resolution was 
critical for keeping owner from incurring damages. V3 stafP Investigated the area 
through soil borings, and performed excavation and disposal of impacted soil. A risk 
assessment was performed to achieve regulatory closure. The project was completed 
within 6 months. 

• 	Property transaction involving former disposal area lying along back side of site 
building, where solvents had been dumped for several years. Client (ban(ing 
institution) has taken title to property as foreclosure, and Phase I Environmental 
Assessment had not disclosed this problem. Assisted bank in entering Voluntary 
Program, evaluating nature of impact, and assigning fiscal responsibility. As result, 
potential buyer accepted title with agreement that closure would be obtained under 
Voluntary Program. V3 performed remediation and completed risk assessment to 
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®irector of Environmental Redeve%pment 

satisfy IEPA that remaining residuals pose no threat. 

During due diligence related to property transaction, soil and groundwater impact was 
identified under the site building, related to the presence of a former degreaser pit. V3 
staff periormed a subsurface investigation and delineated the extent and magnitude of 
impact. Currently working with the seller, pervious tenants, and lenders in developing 
preferential remedial options. This includes costs, time to remediate, and future 
liabilities. Additionally, V3 staff has assisted in allocating share of responsibility for the 
impact, based on tenant occupancy and operations during the history of the site. The 
site is entered in Illinois Voluntary Program. 
A major Illinois industrial facility has historically operated sludge drying beds as part of 
its wastewater treatment system. RCRA closure was required for several hazardous 
waste storage areas at the site, and U.S. EPA has requested that the older lagoons be 
included in this closure. V3 staff has been assisting the site owner in performing 
closure under the Illinois Site Remediation Program, thereby avoiding the greater costs 
and level of efPort required under RCRA. This has included negotiating with the IEPA, 
and keeping current on pending regulations, which could result in the hazardous 
classification of some sludge being downgraded to special waste. 

Removal of multiple leaking underground storage tanks under state LUST program, 
and abandonment-in-place of interior tank. Coordinated removal of four 10,000 gallon 
gasoline and fuel oil USTs, and remediation of impacted soils in tank area. Assisted 
property owner in obtaining closure of site under state LUST program. Obtained 
approval for in-place abandonment of interior UST (under plant floor) and performed 
closure activities. 

Environmental Site Assessments (ESA) for Prouertv Transactions 

Represented seven-facility, national industrial firm in acquisition by Fortune 100 
international corporation. Per(ormed complete due diligence evaluation including 
compliance, historical issues, and site investigations. Brought all facilities into 
compliance within four-month period, including all permit applications and operational 
issues. 

Multi-site environmental assessment related to purchase of 54 communication 
facilities. Coordinated review of environmental reports pertaining to 54 difPerent 
operations, to provide potential purchaser with opinion regarding environmental 
conditions. AII properties were placed in three categories: high, moderate, and low 
risk. Cost estimates for investigating and remediating potential issues were provided 
for each risk category. Based on this information, the client was able to evaluate the 
potential risks associated with the proposed purchase, from both an environmental 
and fiscal standpoint. 

Evaluation of lead contaminated soils at historical g un club. Supervised the feld 
investigation to determine extent and concentrations  of lead contaminated soil at 
property, and assisted client in development of remediation options prior to 
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marketing of properry. Assisted properry owner in negotiations with prospective 
buyers. 

An emerging aerospace industry had identified a competitor as a strategic acquisition 
regarding growth. One of these firms' facilities was located within a major 
groundwater contamination plume, and the facility was a potential contributor to the 
plume. The site was investigated and determined to be a primary source area for the 
groundwater contamination. Because of the importance of the facility to the client, 
they remained interested in the acquisition, if the potential financial liabilities could be 
accurately defined. Costs associated with legal fees, consulting, remediation, and 
regulatory closure activities were identified within the range of $3.3m to $7.2m, with 
a most likely scenario of $4.7m. The client negotiated practical terms with the seller 
and the sale was completed. 

V3 stafPs Phase I Assessment indicated the potential presence of a buried discharge 
lagoon at a Michigan manufacturing facility which was involved in a sale. A soil 
boring program was performed across the site, using careful field screening 
techniques to identify and delineate any impact area noted. An approximately 2 ft 
thick layer of significantly contaminated soil was identified at a depth of 6 ft below 
ground surface over an approximately 30 ft by 30 ft area. Due to the location of this 
impact area, this portion of the site was not included in the transfer, and the sale was 
completed. 

Environmental Impact Statements and Assessments 

Project Scientist for assessment of potential environmental impacts associated with 
wide range of development scenarios, including construction and/or modification of 
roadways, bridges, airports, industrial and commercial buildings, business parks, golf 
courses, parks, etc. Responsible for project execution according to rigid Federal 
requirements. 

Site Remediation and Structural Renovations 

Supervisor/Site Safety Officer for decontamination of New York City Transit Authority 
electrical station. Building was fully decontaminated for mercury contamination. 

Removal and remediation of multiple hazardous and non-hazardous sludge lagoons. 
Evaluated regulatory issues and options available for obtaining IEPA closure, and 
developed and implemented sampling strategy to assess nature of sludge and impact 
to underlying soil. Performed detailed evaluation of hazardous and non-hazardous 
disposal facilities within a 200 mile radius. Provided client with detailed cost estimate 
for removal, transport and disposal of sludge and impacted soil, and options for 
obtaining closure from IEPA. Prioritized landfills on basis of current and future 
liability. 
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• 	Investigation and evaluation of health risks associated with proposed repainting of 
municipal water tower located in south central Michigan. Activities included collection 
of surface paint from tower areas, analysis of material for lead and other metals, and 
risk assessment of potential public health impacts associated with sandblasting of 
tower, which was located in a residential area. Evaluation included literature survey, 
assessment of potential toxicity to identified receptor groups, impacts of sand 
blasting on paints and resulting distribution factors, and review of studies performed 
on similar activities and their impacts. Provided expert witness testimony, 
representing client who had been contracted to do work without being informed of 
potential toxic characteristics of paint. 

Risk Evaluation / Risk Assessment 

• NASA Lewis Research Center — Cleveland, Ohio and Plum Brook Station. Performed 
resources base-line evaluation and assessment of environmental impacts of NASA 
facilities to determine impacts of operations on surrounding habitats. 

• 	State of Wisconsin Hazardous Materials and Waste Survey, to assess State's overall 
involvement with hazardous materials and waste and identify liabilities. Program 
included chemical laboratories, transportation operations, fish hatcheries, sign 
manufacturing shops, hospitals, university buildings, etc. Developed operation- 
specific questionnaires and created and implemented training program for state 
personnel. Utilized database for data manipulation. Program enabled state to 
identify and prioritize environmental issues, and develop cost-effective, systematic 
approach for addressing multiple facilities. 

• 	Performed assessment of impacts related to proposed renovation of historical bridge 
in Brownsville, PA. Bridge functioned as main traffic artery to downtown area. Study 
included evaluation of environmental and socio-economic factors related to 
renovation. Performed historical research and requested inclusion of bridge on 
Pennsylvania List of Historical Bridges, which subsequently provided additional 
funding for upgrade activities. 

• 	Project Manager responsible for drum sampling disposal program associated with 
active industrial complex in central Ohio. Coordinated staging, field screening, 
sampling, analysis and disposal of approximately 330 drums containing unknown 
wastes. Performed liaison with state to avoid action against client. 

Building Investigations 

• 	Performed sampling of multiple abandoned municipal buildings for lead paint, PCB 
contamination of wood and concrete floors, metals in dust, and asbestos. 
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Investigation was performed to determine suitability of buildings for planned 
renovation activities. Sampling crew of 4 persons over 6 day period. 

Conducted sampling of 40 year old, 400,000 sq. ft. building to determine presence of 
lead-based paint and asbestos. 

Supervised 2 week sampling and decontamination program related to PCB- 
contaminated floor areas within historical industrial building. 

The site walkthrough disclosed the potential for PCB contamination at a variety of 
areas, which was confirmed by later sampling and analysis. The client was provided 
with cost estimates for additional investigation and remediation of the identified 
areas, and an inspection plan was prepared according to U.S. EPA guidelines. Based 
on the probable magnitude of the problem, the client withdrew its letter of intent for 
purchase of the property. 

Project Manager for asbestos evaluation program at major automotive manufacturer 
located in Detroit, Michigan. Project was a pilot program which included 
development of sampling plans and sampling of potential ACM within three buildings 
totaling 400,000 square feet. Objectives of the study included the development of a 
cost-efFective sampling program to define extent and condition of ACM, assess and 
prioritize need for abatement actions and provide recommendations and options 
available, and associated costs. Videotaping was performed to document sampling 
locations and condition of material. Information collected was entered into a 
computerized database (dBase III Plus) to allow efficient usage and manipulation, 
and incorporation into clients computer aided design (CAD) system. 
When Midway Airport closed, a primary airline dissolved its operations, and wastes 
ranging from solvents, cleaners, paint wastes, lubricants and motor oil were left at 
the site in containers and drums. V3 staff sampled and characterized these 
containers, and segregated them by waste stream. Necessary permits were 
obtained, and materials were appropriately transported and disposed. 

Multi-site project involving 40 warehouse facilities across the United States. Buildings 
varied from approximately 100 years old to recent, and included extensive variety of 
warehoused goods, ranging from empty beer cans to hazardous materials. Because 
of critical time element, client required completion of project within six weeks, and 
daily progress reports. Project included coordination of seven stafF members. 

Drilling Supervisor and Site Safety Officer for field investigation of former MGP site 
location in downtown Milwaukee, WI. The site was developed as an MGP 
approximately 150 years ago, and all structures were now located below existing 
buildings and roads. 

Ecological / Water Quaiity Management and Planning 

Field Crew Team Leader for water quality investigation of Lake Murvail and Trinity 
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River in Texas. Developed sampling program to assess changing ecological conditions 
in newly created lake. Selected and established physico-chemical and biological 
sampling stations to perform long-range monitoring of lake conditions. Supervised 
field crew in performance of water quality sampling along entire length of river. 
Program included scheduled weekly sampling, and monitoring of low flow and flood 
conditions. 

• 	South Branch Shiawassee River Remedial Investigation and Feasibility Study, Howell, 
Michigan. U.S. EPA Superfund. Investigation of 8-mile reach of PCB-contaminated 
river. Project included evaluation of river dynamics through computer modeling, 
surface and subsurface soil sampling along river course, collection and analysis of biota 
(flora and fauna) to perform risk assessment, and development of recommendations 
for remediation activities. 

• 	Water Quality Assessment related to impacts of construction of proposed large sanitary 
sewer interceptor on major river in Cleveland, Ohio. Supervised collection of water and 
biota from 12-mile course of river. Work included detailed analysis of historic and 
current flow records, and projection of future conditions, and assessment of 
environmental impacts of existing WWTP and septic system efFluent discharge. 

• 	Developed inventory of environmental resources of Bayou La Batre, Alabama, with 
emphasis on water resources. Worked with regional planning agencies in developing 
Water Quality Management Plan to provide for protection and enhancement of natural 
resources. 

• 	As Water Quality Specialist with the Ohio EPA, involved in impact and assessment 
activities related to on-site wastewater treatment, groundwater protection and water 
quality management. Functioned as Water Quality Management Plan Coordinator for 3 
of State's regional planning agencies. This included monthly meetings with planning 
agency and city officials, tracking of plan milestones, and interface with OEPA program 
directors. 

U. S. EPA Superfund 

• 	Project Manager for Wash King Laundry Remedial Investigation and Feasibility Study, 
Baldwin, Michigan. U.S.-EPA Hazardous Waste Site. Investigation of groundwater 
contamination associated with PCE release from dry cleaning operation. Project 
included definition of groundwater contaminant plume, assessment of impact to 
receiving stream, and characterization of source areas. 

• 	Project Manager for West Michigan Avenue Remedial Investigation and Feasibility 
Study, Oshtemo, Michigan. Michigan 307 Hazardous Waste Site. Investigation of 
groundwater contamination associated with improper waste disposal by multiple 
industries. Program included sampling and analysis of soils and groundwater 
throughout industrial area to identify and characterize individual contributors. 
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North 34th Street Remedial Investigation and Feasibility Study. U.S.-EPA Hazardous 
Waste Site. Investigation of groundwater contamination associated with historical 
industrial operations. Program included sampling and analysis of multiple aquifers. 

Electro-Voice Remedial Investigation and Feasibility Study. U.S.-EPA Hazardous 
Waste Site. Soil and groundwater investigations related to historic wastewater 
discharge to on-site lagoons and on-site underground storage tanks. 

Conducted monitoring of sanitary wastewater sludge for use in land application (non- 
crop) strategy related to use in sod farms. Supervised sampling and analysis, and 
completed coordination with USEPA representatives. 
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Mr. Slowinski has 25 years of wetland and environmental impact 
PROFESSIONAL EXPERIENCE: 	; asseSsment 	experience. 	He 	directs 	the 	activities 	of 	an 
v3 Consultants, 	 i 

interdisciplinary staff of botanists, soil scientists, biologists, and 
Principal/Director of ecologists 	in 	performing 	wetland, 	ecological 	restoration 	and 
wetland/Ecology Group 
1997 Present environmental 	impact 	assessment 	services. 	These 	services 

include wetland delineation and assessment, wetland mitigation 
The S/E Group, vice President 	; planning and design, U.S. Army Corps of Engineers Section 404 
19891997 and 	local 	permitting, 	wetland 	management 	and 	monitoring, 

ecological 	restoration 	projects 	and 	the 	preparation 	of 
U.S. Army Corps of Engineers, environmental 	impact 	assessments. 	Mr. 	Slowinski 	provides 
Chicago District, Chief, consultation 	on 	all 	environmental 	and 	regulatory 	issues 	and 
Regulatory Functions Branch provides 	expert 	testimony 	regarding 	wetland 	and 	other 
1984-1989 environmental issues. 

U.S. Army Corps of Engineers 
PRO)ECT INVOLVEMENT  Biologist, Regulatory Functions  

Branch 
1983-1984 V3 Consultants 

U.S. Army Corps of Engineers 	': Wetland Delineations. Supervised or participated in more than 
Biologist, Environmental and 1,000 wetiand delineations in accordance with the appropriate 
Social Analysis Branch Federal wetland delineation manual in the Chicago metropolitan 
19761983 area, St. Louis area, Indiana and Wisconsin. This included the 

EDucnrxoN:  delineation of over 100 wetland areas within the 4,000-acre study 

Governors State University, area of the Lake County, Illinois extension of Route 53 (FAP 342). 
University Park, Illinois, Master 
of Arts, Environmental Corps 	of 	Engineers 	and 	DuPage 	County 	Permit 
Management Applications. 	Responsible 	for 	preparation, 	submittal 	and 

coordination of approximately 400 permit applications, inciuding 
Marquette University, Milwaukee, ; development of strategies to obtain permits in a timely manner. 
WI, Bachelor of Science, Biology 	; 

Wetland Mitigation Design. Supervised mitigation planning and 
PROFESSIONAL CERTIFICATIONS: 	; design for more than 300 projects requiring Section 404 permits. 
Certified Wetland Specialist, Lake : 
County stormwater Management 
Commission (2002). Wetiand 	Management 	and 	Monitoring. 	Supervised 

; preparation of and implementation of wetland management and 
qualified Wetland Review monitoring plans as required by Corps of Engineers Section 404 
Specialist, Kane County permits, including prescribed burn management of wetlands. 
Department of Environmental 
Management (2002). Ecological Restoration. Project Manager and primary contact for 

V3's 	Professional 	Services 	Agreement 	with 	City 	of 	Chicago, 
PROFESSIONaLASSOcInTIONS:  Department of Environment for Professional Ecological Analysis, 
Society of Wetland Scientists Restoration and Interpretation. 
Home Builders Association of 
Greater Chicago . 	Nature Center/Nature Preserve Feasibility Study, May 1997. 

Study won the 1998 American Society of Landscape Architecture, 
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Illinois Chapter President's Award for Landscape Planning and Analysis. 

• Indian Ridge Marsh Environmental Center Feasibility Study, July 1999. 

• Calumet Area Ecological Management Strategy, July 2001 
Environmental Planning. Nahant Marsh Master Plan, Davenport, Iowa for River Action, Inc. 
and Nahant Marsh Steering Committee, October 1998. Project Manager for development of 
master plan for 500-acre Nahant Marsh, an important urban wetland. The master plan evaluated 
the preservation, protection and enhancement opportunities for the privately owned marsh and 
surrounding area. 

FAP 342, Lake County Extension of Route 53/I-355, Chairperson, Illinois Department 
of Transportation Wetland and Water Quality Technical Committee, 1996. This 
committee consisted of technical experts on wetland, surFace water quality and groundwater 
quality, and was formed to provide input on the scope of required technical studies, preparation 
of technical reports, impact assessment, wetiand mitigation requirements and site selection, and 
to assist with agency and municipal coordination on all wetland and water quality issues. 

U.S. Army Corps of Engineers, Chicago District 

Chief, Regulatory Functions Branch. Responsible for planning, supervising, directing and 
coordinating all technical and administrative functions of the Section 404 Regulatory Program at 
the Chicago District, U.S. Army Corps of Engineers. Responsible for final recommendations to 
District Engineer on all policy and permit decisions. Involved in Section 404 permit requirements 
including interagency and public coordination, and preparation of Environmental Impact 
Statements for the following controversial permits: Waste Management, Inc. landfill, Lake 
Calumet, Chicago; Illinois Department of Transportation Hickory/Spring Creeks flood control 
project, Joliet; proposed 1992 Chicago World's Fair, Chicago; and, U.S. Environmental Protection 
Agency Superfund Project, Waukegan Harbor. 

North-South Tollway, DuPage County, Illinois Section 404 Permit. Project manager with 
final responsibility for all interagency and public coordination, scope and preparation of Draft and 
Final Environmental Impact Statements, and development and construction monitoring of wetland 
mitigation plan. 

Environmental Studies and Impact Assessment. As a senior staff member of the 
Environmental and Social Analysis Branch, responsible for the organization and direction of ; an 
interdisciplinary environmental staff in all aspects of federal water resources projects including 
collection of environmental data, formulation of alternatives, environmental impact assessment, 
and the identification and resolution of environmental issues. Projects included Little Calumet 
River, Indiana Flood Control Project, and various Confined Disposal Facilities and Small Boat 
Marinas. 

Habitat Evaluation Procedures (HEP) 

Project manager for U.S. Army Corps of Engineers. U.S. Fish and Wildlife Service 1980 Habitat 
Evaluation Procedures National Demonstration Project, Little Calumet River, Indiana Flood Control 
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Terrie M. Baranek 

Years of Experience: 18 	General Qualifications 

Education: Ms. Baranek is the President of ECT.CON INC. with experience in 
The American University the performance of a variety of environmental assessments. 	Her 
M.S. Physical Chemistry responsibilities 	include 	data 	validation, 	data 	evaluation 	and 
1987 management, 	environmental 	chemistry. 	Ms. 	Baranek 	has 

extensive 	experience 	in 	all 	facets 	of these technical 	areas. 
University of Maryland Examples of her experience in these areas are presented below. 
Institute of Physical 
Science and Technology Experience 
Chemical Physics 
1983-1984 Data Validation/Chemistry 

Washington & Jefferson 	• Performed data usability and validation for a variety of 
College 	 projects. Data validation was conducted in accordance with 
B.A., ACS, Chemistry 	the project-specific QAPP, National Functional Guidelines, 
1983 	 State and USEPA Regional requirements including Regions I, 

II, III, IV, and V, and the analytical method. The following 
CCAC 	 analytical fractions in aqueous, air and solid media were 
A.A. Computer Science & 	validated: VOCs, SVOCs, Pesticides, PCBs, PAHs, TPH 
Information Technology 	(GRO/DRO), general chemistry parameters (e.g., TOC, TOX, 
1998 	 chlorides, nitrates/nitrites, sulfate, sulfides, alkalinity, acidity, 

TDS, TSS, etc.), metals (including mercury and cyanide), 
white phosphorous, chemical warfare agents and explosives. 

Contact Information: 	• For a Navy Installation in Indiana, a field investigation for a 
Terrie Baranek 	 Dye Burial Ground was to be conducted. In the planning 
ECT.CON INC 	 stages, analytical method development for dyes and smoke- 
3531 Fox Chase Drive 	related dyes needed to be conducted. Responsible for 
Imperial, Pennsylvania 	providing management oversigbt on the method development 
15126 	 to ensure that it meet the method development requirements of 
Phone: 724-695-8042 	the RCRA Program as stipulated in SW-846 Method 
Fax: 	724-695-2698 	Development and Performance guidance. Performed data 
e-mail: 	 validation of the dye samples. 
ECTCONINC@aol.com  

• Conduct technical audits of analytical environmental 
laboratories. Review processes to ensure that the laboratory 
uses Good Laboratory Practices (GLP) and performs activities 
in accordance with industry standards. 

• Prepared a QAPP for an IDEM state-lead Superfund site. The 
QAPP was developed in accordance with USEPA Region V 
guidance. The document addressed both on-site (mobile lab) 
and off-site analytical procedures. Coordinate with 
laboratories to incorporate their QA/QC information and 
SOPs. 
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Project. Involved habitat evaluation of 2400 acres, including 1300 acres of wetlands, and 
preparation of report. 
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Presentations/Copyright 	Baranek, T.M. "Data Validation" Presented at the Water and 
Environment Federation International Technical Conference, 
Atlanta, Georgia, October, 2001. 

Baranek, T.M. Chairperson for the Environmental Software 
Showcase Environmental Resources in the Information Age 
Technical Sessions at the Air and Waste Management 
Association/Duquense University Co-Sponsored Conference, May 
1999. 

Baranek, T.M. "Understanding and Using the Data Life Cycle:' 
Presented at the Air and Waste Management Association Western 
Pennsylvania Meeting, March 1998. 

Baranek, T.M. "WILLIE - Welcome to the World of Data 
Management." Registration No. TX3693681, Dec. 1993. 

Baranek, T.M. "Technical and Regulatory Considerations for 
Environmental Sampling and Analysis Plans." Presented at the 
American Chemical Society 25th Central Regional Meeting, 
October1993. 

Baranek, T.M. Chairperson for the Environrnental Chemistry and 
Industrial Chemistry Sessions at the American Chemical Society 
25th Central Regional Meeting, October 1993. 

Baranek, T.M. and Carfagna, P.F. "Data Management and Risk 
Assessment." Presented to the Pennsylvania Department of 
Environmental Resources as a Technology Transfer Seminar, 
August 1993. 

Baranek, T.M. "Sampling Strategies for CERCLA RI/FS 
Programs." Presented at the PPG Industries RI/FS Technology 
Transfer Seminar, March 1993. 

Baranek, T.M. "The Emergency Planning and Community Right- 
to-Know Act of 1986." Presented at the 12th Annual Pacific 
Southwest Health & Safety Seminar, April 1989. 

Baranek, T.M. "SARA Title III and Small Companies." Presented 
at the Carnation Company National Conference, October 1988. 

Baranek, T.M. and Waters, P.F. "Slag Encapsulation of Toxic 
Metal Salts." Presented at ACS Washington, DC Chapter. 1987. 

Page 4 
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• Project Scientist for the development of a Region V QAPP for 
an Ohio Superfund site. Attended the Pre-QAPP meeting and 
prepared the QAPP in accordance with the USEPA Region V 
CERCLA QAPP guidance. Coordinate with laboratories to 
incorporate their QA/QC information and SOPs. 

• Prepared the Quality Assurance Project Plan (QAPP) for the 
the con•ect analytical protocols would be employed to obtain 
quantitafrvely usable data. Tracked samples from the field 
chain-of-custody to receipt from the data validators. 
Reviewed data and reduced the data set according to EPA 
guidance. Generated analytical and stafistical tables. 

• Based on the data quality objectivea (DQOs) for the project, 
Conduct data quality 	prepared numerous field sampling plans to gather information 
objective assessment to 	to conduct risk assessment. The plans included the number, 
develop cost-effective 	type and location of samples. Statistical sampling approaches 
sampling and analysis 	were used, when appropriate. 	Identified the analytical 
plans parameters to be include in the sampling program. Cost- 

effective analytical methods (e.g., field testing, mobile lab, 
CLP, etc.) to meet the DQOs were identified. 

• Developed a cost-effective analytical strategy for the RFI 
Phase II investigation at a large aerospace manufacturing 

Reduce analytical cost facility. Reduced analytical costs while still obtaining 
by implementing field 	quantitative data to delineate horizontal extent of 
analytical programs 	contamination at a SWMU. Used a field UV spec (metals) and 

field GC (VOCs). Incorporated these data into a GIS system 
and prepare 3D visual illustrations to assist in detennining 
volume of soil for in-situ remediation. 

• Analyzed EPA's regional laboratory's capabilities and role in 
support of selected RCRA, TSCA, CERCLA, CWA, and CAA 
programs 

• Developed the implementation strategy for the Toxicity 
Characteristic Leaching Procedure (TCLP). Interviewed 
affected parties to identify major issues which include 
notification, education, compliance and monitoring of the 
regulated community; and preventing laboratory capacity 
shortfalls arising from the rule. Developed options paper for 
these major issues. 

• Participated in EPA's Region II Environmental Services 
Division (ESD) Program Review. Developed questionnaires 
regarding analytical instrumentation; interviewed Program 
Directors on their section's capabilities; statistically analyzed 
information; compiled the data; and prepared the review 
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document. The document highlighted cun-ent ESD problems, 
initiatives for addressing the problems, and opportunities for 
improving the quality of ESD services. 

RCRA Corrective Action 

• Senior QA/QC Advisor for the Bethlehem Steel Corporation 
(BSC) Burns Harbor, Indiana RCRA RFI. Responded to 

Negotiate reduction in 	USEPA Region V comments on the workplan/QAPP and 
field QA/QC samples to 	further developed the existing workplan/QAPP to enhance the 
reduce progr2m costs 	efficiency of the field program. Additionally, conduct field 

and laboratory audits to ensure adherence of the program to 
the approved workplan/QAPP. Respond to questions from the 
staff on clarification of workplan/QAPP intent. Review field 
and analytical data for accuracy and completeness. Evaluate 
conclusions drawn from the data for validity. 

• For a Navy Installation located in Indiana, prepared the 
Participate in USEPA 	Quality Assurance Project Plan (QAPP) for a RCRA field 
Region 5 Pre-QAPP 	investigation. This QAPP was developed in accordance with 
Meeting and Negotiate 	USEPA Region 5's 1998 QAPP Guidance and Policy Manual. 
Screening Criteria and 	Development of the QAPP including the analysis and 
Analytical Methods 	 incorporation of historical data. This information was used in 

the DQO process to develop the sampling plan for the project. 

Regulatory Development and Analysis 

• Developed options for the testing\certification requirements 
for the reproposed rule making for RCRA's Organic Toxicity 
Characteristic (OTC). 

• Responded to public comments received on the first proposed 
RCRA OTC regulations. 

Collegiate Instructor 	Instructor in the Environmental Science and Chemistry 
(1998 to 2001) 	 Departments at the Community College of Allegheny County 

Continuing Education 	Practical Environmental Sampling and Analysis - ACS 
Environmental Data Validation - ACS 

Page 3 
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Jeffrey M. Laewe 
QA/QC L,irector 

P1)T Tf`' A TTrl1a1• 

B.S., Chemistry, UrFiversity of Dubuque, Dubtu.que, Iowa 1987 

PRQFESSIONAL EXPERIENCE: 

1Vf.r. Loewe is respozlsible for tlae overall coordinatioza of the Quality Assuzaxace program at the MerrillNille 

La.boratory. He is responsble for the laboratory's accred.ita.tions, and ensuring adherence to all aspects of 

fae Quality Assuraaice Plan. T'hese aspects include docurnen.tation systeFns, analytical compliance, 

performance samples, tn.ining records, and internal audits. 

Mr. Loewe has accumulated xnore than fifteen years of laboratory experiez3.ce, tb.irteen of which were in the 

environn3ental industt°y. He has experience as an analyst, in procedural training, laboratory set up, project 

nxanagernent, and 'zn various laboratory cert -ification standa.rds. 

	

1999-2001 	QA/QC Director-PDC La.boratories, Peoria z  Illinois 

Responsible for the overrall Quality system of the laboratory. Tmplemented a NELAC compI.iant QA 

program, as well as appxoval by the US Army Corps of Engineers. Responsible for staff supervision arzd 

the implerxfentation of a new Laboratory Information Mazzagement System (LINIS). 

	

1990-1999 	Q A/QC Coordinator-Daily Analytical I.a.boratories ;  Peoria, Illinois 

Responsible for maintaining State certtfiicatioa and the implementation of the Quality Assurance Plan. 

Served as a project xnanager an.d coordinator of a monNy wastewater quality control prograsn. Also 

responsible for trainyng records and Standard Opera.ting Procedure generation.: 

	

1988-1990 	Chemist, llaily Analytical Laboratories, Peoria, Illinois 

Responsible for various analyses of environmental samples. 

	

1985-1988 	Chemist, Midwest.Grain Prochicts, Dubuque, Iowa 
Responsible for analyses on raw materials and finished product: 

250 West 84th Drive, Merrillville, IN 46410 TEL.800.536.8379 TEL.219.769.8378 FAX 219.769.1664 
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MYcheIle A. DiIley 
Project Manager 

Etittcati®n 
B.S. Biology & Environmental Science, Lincoln Memoriai University, Harrogate, Tennessee 1999 

I<'rol'esslonal Experiencee 
Ms. DiIley, as Project Manager for SIMALABS International, is responsible for the oversight of client 
projects. Ms. Dilley's responsibility is tracking samples from the time of receipt to the time of reportixzg 
the data. She works together with the Laboratory Ma.nagers, Sample Czzstodian, QA/QC officer and 
reporting staff. She verifies all information for the projects and transfers the inforrnation to the appropriate 
parties which includes but is not.limited to the parameters requested, reporting Iimits, data qual.ity levels, 
holding times and due dates. She also corresponds with the clien.ts verifying request con.cerning their 
samples and tracking progress when requested. 

Prior to joining SIMALABS, Ms. Dilley wa.s a ForxnulationlSynthesis Technologist i'or AOC in 
Collierc,ille, Tennessee. Her responsibilities included conducting complex experimental procedures for 
new product development at a leading polyester resin company's Research and Development cerater 
util'zzing an array of specialty chernicals. Made several technical servvice customer caIls for a.ssigned 
accoun;ts. Aided in the production seale-up of many new products, requiring copious amounts of hands on 
experience in a polyester chemical plant environment_ 

Ms.. Dilley has been working in the environmen-~al industry since 2000 

250 West 84th Drive, Merrillville, IN 46410 TEL.800.536.8379 TEL.219.769.8378 FAX 219.769: 1664 
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Margaret C. James 
Environmental Scientist 

Years with Baker: 4.5 	 General Qualifications 
Years with Other Firms: 0 

Ms. Margaret (Peggy) James is an assistant environmental scientist with 
Education 	 experience in ASTM Standard Phase I and II Environmental Site Assessments, 
Saint Joseph's College 	 ecological surveys, and environmental database management, database design, 
B.S., Environmental Science, 	and SARA Title III Compliance Work. 1996 

Selected Experience 

Phase 1111 Environmental 
Site Assessments 	 • Performed a Phase I Site Assessment for Lake Erie Land Company, 

Chesterton, Indiana, prior to property transfer. 

• Perfonned a Phase I Site Assessment for an Industrial area owned by 
Northern Indiana Public Service Company (NIPSCO), Hammond, Indiana. 

• Performed Phase I/II Site Assessments at four locations for The Holladay 
Group, South Bend, Indiana. Limited soil sampling was performed as a 
result of the Phase I ESA. Adjacent properties were industrial, commercial, 
and residential. 

Work on ESAs involved: conducting site visits, recognizing environmental 
concerns (past and present), reviewing records and previous reports, researching 
property title transfers and historical usages, conducting interviews, making 
recommendations and writing reports. 

Environmental Sampling 
Experience 	 • Provided RCRA RFI services to a major steel manufacturer in the 

Midwest. Assisted in the groundwater-sampling program including 
well development, purging, and sampling as well as hydropunch 
groundwater sampling. Additional services included environmental 
database management, analytical data management, ecological field 
survey, and soil and waste stream sampling. Assisted with laboratory 
data validation management and QA/QC activities. 

Provided RCRA RFI services to a major steel manufacturer in the 
Northwest, Indiana. Performed four quarterly-rounds of groundwater 
sampling at 55 monitoring well locations. Groundwater sampling 
program included well development, low flow purge, collection of field 
parameter including, pH, specific conductivity, dissolved oxygen, 
oxidation-reduction potential, turbidity, and temperature. 

• Perfonned hazardous waste characterization sampling to a major steel 
manufacturer in Northwest, Indiana. Collected several different waste 
stream samples for various analyses. Samples were then labeled and 
documented for Chain of Custody's and shipped offsite to an 
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independentlaboratory. 

• Performed surface water and sediment sampling for a major steel 
manufacturer in Northwest, Indiana. Sampling included collection of 
surface water and sediment samples for several depths. Samples were 
then labeled and documented for Chain of Custody's and shipped 
offsite to an independent laboratory. 

• Perfonned surface soil sampling for a manufacturing facility in Central 
Indiana. Sampling consisted of eight riverbank locations using hand 
augers and stainless steel spoons. Samples were then labeled and 
documented for Chain of Custody's and shipped offsite to an 
independentlaboratory. 

• Performed groundwater sampling at a chemical manufacturing facility 
in Charleston, West Virginia. Sampling consisted of twenty-four flush 
mount wells using tephlon bailers. Samples were then labeled and 
documented for Chain of Custody's and shipped offsite to an 
independent laboratory. 

• Performed groundwater sampling for a manufacturing facility in Central 
Indiana. Sampling consisted of thirteen flush mount monitoring wells 
at a low flow purge. Field parameters were collected on sight using 
Horiba U-22 model and HACH total iron field kit. Samples were then 
labeled and documented for Chain of Custody's and shipped offsite to 
an independent analytical laboratory. 

Performed groundwater sampling for a major steel manufacturer in 
Northwest, Indiana. Sampling consisted of sixteen flush mount and 
standpipe monitoring wells by either low flow purge or tephlon bailers 
dependent upon site conditions. Field parameters were collected on 
sight using Horiba U-22 model, YSI meters, and HACH total iron field 
kit. Samples were then labeled and documented for Chain of Custody's 
and shipped offsite to an independent analytical laboratory. 

Database Management 

• Provided RCRA RFI services to a major steel manufacturer in the 
Midwest. Maintained a GIS database containing well construction data, 
geologic information, groundwater elevation measurements, and survey 
data. Developed several Microsoft Excelspreadsheets encompassing 
topics of sample tracking, invoice tracking, laboratory analytical 
tracking, groundwater elevations, and analytical summary tables. 
Additional services included environmental database management, 
analytical data management, ecological field survey, and soil and waste 
stream sampling. Assisted with laboratory data validation management 
and QA/QC activities. 
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Analytical Data manager to a major steel manufacturer during the 
coarse of a RCRA corrective action being performed in Northwest, 
Indiana. Responsibilities include data tracking of many different 
sampling activities occurring at various locations at the facility. Create 
and maintain a sample-tracking database that encompassed sample 
collection information, relevant field parameters, information and chain 
of custody information. Create and maintain a unique identifier system 
to correspond with each sampling location and depth for various sample 
media including surface soil, subsurface soil, surface water, waste, 
groundwater, and sediment. Create and maintain uniform field 
parameter reporting spreadsheets. Facilitate smooth accurate transfer of 
sample from field locations to laboratory under proper chain of custody 
and assurance that all necessary analysis is performed for any given 
sample. Transfer electronic laboratory data and validation of that data 
from text format for final input into Terra Base. 

• Provided data management service for Bayer Corporation, Elkhart; 
Indiana. Assisted in developing several Microsoft Excel spreadsheets 
and Microsoft Access Databases encompassing topics of equipment 
tracking, waste disposal activities, hazardous waste manifests, and 
tracking of asbestos removal activities. 

Provided data management service and research knowledge to a major 
steel manufacturer in Northwest, Indiana. Created and maintained 
Microsoft Access and Excel spreadsheets to assist in the development 
of SARA 312/313 reporting documents for the facility. Performed field 
inventory to collect necessary information to populate the database. 

• Provided data management service and research knowledge to a major 
steel manufacturer in Northwest, Indiana. Created and maintained 
Microsoft Excel spreadsheets to assist in the development of a 
conceptual site modeldetailing spills and releases throughout the 
facilities operation. Assisted in the development of a comprehensive 
listing of areas of environmental interest contained within the facility. 

• Provided data management service for the Indiana Department of 
Transportation (INDOT). Developed databases to assist in the 
collection and coordination of efforts during a relocation study being 
performed in the Lafayette, Indiana area. Databases include an 
administrative filing tracking system for project related documents and 
a Public Comments database. 

Provided extensive research of State of Indiana, Federal and local 
sources for a confidential client in Indiana. The research was conducted 
on an accelerated schedule for ongoing negotiations and later 
mediation/litigation support. Research included the review of Resource 
and Recovery Act (RCRA), Offrce of Solid and Hazardous Waste 
(OSHW), Department of Natural Resources (DNR) Water and Fish and 
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(OSHW), Department ofNatural Resources (DNR) Water and Fish and 
Wildlife, Army Corps of Engineers, USEPA, IDEM, VRP, Spill, UST, 
LUST and Community Right To Know data bases, Newspaper, NPDES, 
Stonnwater, Office of Water, Formerly Used Defense Sites (FUDS) and 
local library files for more than 10 large manufacturing facilities and an 
industrial corridor. Reviewed the files for specific key data to support 
ongoing negotiations. Data was sorted, indexed and assembled in a 
cross-referenced database as an aid for potential litigation. 

• Assisted in preparation of a Spill Prevention Control and 
Countermeasure Plan for a petroleum retail facility in Lake Station 
Indiana. Performed record searches to deterinine whether or not the 
facility was in compliance with the guidance set forth by the United 
States Environmental Protection Agency (USEPA) Region V. 

Database Design 
• Designed and implemented a Microsoft Access database to assist in 

tracking and responding to public comments from agency, local 
government, and public sources for Indiana Department of 
Transportation Route 231 Relocation project. 

• Designed and implemented a Microsoft Access database to assist in the 
tracking of project related documents for the Indiana Department of 
Transportation Route 231 Relocation project. 

• Designed and implemented a Microsoft Access database to assist in 
tracking Fugitive Dust sources at a major steel manufacturing facility in 
Northwest Indiana. Database was used in compiling fugitive dust 
sources, information regarding vehicular traffic, and road conditions 
which contribute to fugitive dust releases. 

SARA Title III 	 • Performed and prepared SARA 312 compliance services for a large 
Compliance Work 	 steel client's facility in Northwest Indiana. These services involved 

compilation of data, conducting chemical inventories, determining toxic 
release inventories. These services were performed to ensure SARA 
Title III, Emergency Planning Community Right-to-Know compliance. 

Related Courses 	 • Amphibian Research Project I& H. Studied the amphibian populations 
in Jasper County ,  Indiana in order to detect whether these populations 
are declining. Amphibian Research Team Leader, 1996 

• Ichtheology & Herpetology: Learned identification and field techniques 
involving reptiles and amphibian species. 

• Ornitholo~y & Mammology: Learned identit-ication and field techniques 
involving bird and mammal species. 
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Computer Skills 	 • Microsoft Access 	 • Microsoft PowerPoint 
• Microsoft Excel 	 • WordPerfect 
• Microsoft Word 	 • GIS Scout 
• Microsoft FrontPage 2000 	• Windows 3.1/Windows'95, `98 
• Microsoft Office `97 `00 	• Terra base 
• MicrosoftProject 	 • Visio 

Certifications 	 40 hour 29 CFR 1910.120 Haz/Waste Emergency Response Program, 1997. 
8 hour 29 CFR 1910.120 OSHA Refresher Training, 2000. 

38 hour U.S. Army Corps of Engineers Wetland Delineation Certification 
Training Program, 1998. 
24 hours Initial Asbestos Building Inspector, 2001. 

Continuing 	 Introduction to Microsoft Access 97 for Windows, Purdue University 
Education/Seminars 	 Calumet, September, 1999. 

Access 97 for Windows: Intermediate Level, Purdue University Calumet, 
November, 1999. 
Elementary Methods for Statistics, Purdue University Calumet, May, 2000. 
What You Need to Know About the New Wetland Regulations, J.F. New & 
Associates & Plews, Shadley, Racher, & Braun, May 2000. 
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